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The Director of the Texas Woman's University Research Institute 
and an Assistant travelled to San Francisco once a month for the purpose 
of measuring changes in bone density in subjects who were participating 
in a bed rest-phosphate study at the U. S. Public Health Hospital in that 
city. The radiographic bone density method developed by staff members 
of the Texas Woman's University Research Institute was used in this study. 
Bill J. Stover, X-Ray Technologist, and Walter W. Gilchrist, Research 
Associate, alternated in accompanying the Director of the T.W.U. Research 
Institute for the purpose of taking the x-rays during each trip. 
The first trip on this contract was made on January 31, 1969, with 
x-rays taken on the early morning of February 1, using a selected x-ray 
machine at the Hospital, together with special x-ray films which they took 
with them from T.W.U. The left foot in lateral aspect and the left hand in 
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anterior-posterior position were x-rayed in the same positions and with the 
same exposure energy (167 milliroentgens) as in the case of the astronauts. 
The subjects x-rayed on this first trip included the following: 
1. 	 Randall Robinson; 
2. 	 Alfred Diaz; 
3. 	 Fred Bratcher; 
4. 	 Fred Kolb; and 
5. 	 George McNiel. 
The left hand of George McNiel had been amputated, and hence his 
right hand was used for his series of x-rays. 
When we returned to our own laboratories, analyses of the films 
began. The analysis of each set of films for one subject included the fol­
lowing: 
(a). 	Two preliminary scans on the foot, one of the central 
section of the os calcis and one of the central section 
of the talus. See Appendix of this Report if you are not 
familiar with the T.W.U. method of taking and develop­
ing x-rays. 
(b). 	 Multiple sections of the os calcis, consisting of scans 
1 millimeter apart, covering approximately 60 per cent 
of the os calcis or large heel bone, where there is no 
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overlapping of other bones. Usually 41-44 scans are 
required to cover this area of the heel bone in a mature 
nian, depending on the size of the foot. 
(c). 	 The following sections of the hand and wrist are 
sca nned- ­
(i)Hand phalanx 5/2 (about 17-19 
sections scanned); 
(2) 	 Hand phalanx 4/2 (about 24-28 
sections are scanned); 
(3) 	 One scan across the capitate, 
a wrist carpal; and 
(4) 	 One scan each across the distal 
ends of the radius and of the 
ulna. 
Therefore, from 87 to 96 sections in the hand and foot are measured 
for bone density in an adult male, giving results for the various types of 
bone from lacy trabecular to dense cortical skeletal tissue. 
See Appendix for illustrations of the sections which are scanned on 
the radiographs of the hand and foot of this study. 
Second Trip on this Project 
During the second monthly trip on the U. S. Public Health Hospital 
project in San Francisco, we went to San Francisco on. March 27, 1969. 
Radiographs were taken on the early morning of March 28th. An early hour 
(between 6:30 and 7:00 A.M.) was selected for taking this series of x-rays 
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so that the x-ray machine which we had selected for our precise work 
would not be tied up after the busy day at the hospital had begun. 
The same men were radiographed which had been included during 
the first test, including a new man named Bly who appeared for x-rays who 
did not continue past this date. Upon our return to the T.W.U. Labora­
tories, after each trip, work on the developmeht and evaluation of the films 
is carried out. The x-ray films, which are a special type, could not be 
developed at the Hospital, which has an automatic development system 
which causes the emulsion on the films to be scratched. Moreover, the 
temperature of the processing solutions must be precisely standardized, 
as well as the timing. 
Third Trip on this Project 
The third trip for obtaining radiographs for this study occurred on 
May 6th to 9th, 1970, and the fourth was made on Tune 2nd and 3rd, 1970. 
The same men were radiographed as in the earlier reports. 
Using the central os calcis section as a preliminary method of find­
ing changes in bone mass of the heel bone, since this represents a very 
sensitive part of the trabecular tissue in this part of the skeletal anatomy, 
changes were investigated in the five men who had taken part in the study 
to this point. 
IRST GROUP OF SUBECTS 
Changes in Multiple Sections of the Os Calcis 
in Terms of Integrator Counts during the First 
Bed Rest Phase of the Project, with and 
without Exercise 
Tables I and Ii which follow give the data on multiple sections of 
the os calcis during bed rest without exercise for the two men who carried 
on through this phase of the project. This part of the project was effectu­
ated during the period from January 27 to April 21, 1970, with the x-rays 
taken on February I (A), March 28 (B), and again through May 7 (C) repre­
senting this time-as nearly as possible. 
During the first 12 weeks of the study, two of the men, Robinson 
and Kolb, remained in bed with limited activity. The other three, Bratcher, 
Diaz, and McNeil, on the other hand, exercised while lying down, using 
an Exer-Genie. 
The radiographs made during this period were those taken on 2/1/69 
3/28/69, and 5/7/69. The radiographs made on 6/3/69 were those which 
followed the bed rest period by Robinson and Kolb, but which were made 
after these two men had begun a phas'e of the study during which phosphate 
w.as used as a daily dietary supplement. This second part of the investiga. 
tion extended from April 21 through July 14. 
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The two men who did not have the exercise experience (Robinson 
and Kolb) showed slight losses in bone density of the central os calcis, 
-5.97 per cent for the first man and -4.94 per cent for the second, with 
slight gains in this anatomic site in the three men who underwent daily ex­
ercise in bed (Bratcher, +2.33, Diaz, +2.10, and McNeil, +7.10 per cent) 
during the first 12 weeks of the first bed rest. See Tables I1, IV, and V. 
Importance of Exercise during Recumbency 
.Any favorable change from exercise during recumbency may be un ­
derslood better from the following information. 
Trueta, Nuffield Professor Emeritus of Orthopedic Surgery at the 
University of Oxford, in his classical treatise on Studies of the Develop­
ment and Decay of the Human Frame1 has stated: "The ability of the osteo­
blast (in the bone) to synthesize the required protein for its matrix depends 
on the availability of amino acids and other constituents needed for the 
synthesis. It has long been known that immobilization, bed rest, and lack 
6f muscle activity are all factors contributing to osteoporosis, a condition 
of decreased skeletal mass associated with increased porosity. Why this 
is so has not yet been fully explained, but that the osteoblast-osteocyte 
syncytium appears to be adversely affected by lack of activity is unques­
tionable." 
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observations concerning this study were given by Trueta 4 at the Conference 
on.Bone Biodynamics at the Ford Hospital, Detroit in 1964. 
In this study, adult mongrel dogs were used. The effect of muscle 
contraction on the blood supply of the adjacent bone was investigated by 
determinations of the intra-osseous pressure in the tibia of the dog during 
varying conditions of muscle activity. 
They found that muscular contraction seems to influence the blood 
flow in bone in two ways: (a) by the occlusion of the venous outflow., 
which leads to an increase in intramedullary pressure; and (b) by the rapid 
emptying of.the intra-osseous venous system following muscle relaxation, 
which causes the intra-osseous pressure to fall. 
Subsequent Trips on this Project 
Following the third trip by the T.V.U. team to San Francisco to 
take radiographs of men engaged in bed rest projects at the U. S. Public 
Health Service Hospital, nine additional trips were made. The dates on 
which all 12 sets of x-rays were exposed were the following: 2/1/69; 
3/28/69; 5/7/69; 6/3/69; 7/14/69; 8/8/69; 9/15/69; 10/14/69; 
11/26/69; 12/17/69; 2/9/70; and 3/18/70. Two groups of men partici­
pated in the study through the year 69 - 70, with the following phases of 
the study covered: two 12-week bed rests, one six-week bed rest, an 
initial ambulatory period for three men, and a final ambulatory period. 
1. 	Trueta, Joseph, Studies of the Development and Decay of the Hu
 
Frame, F. Lqa.e Phi ladeIphia (1968)
re, 

2. 	Geiser, Max, and Joseph Trueta, Muscle Action, Bone Rarefactic 
and Bone Formation, I Le umrjnl of B-n& anA Joint uLo-ey, 
Volume 40 B, Number 2:282 (1958) 
3. 	de Valderrama, Fernandez, and Joseph Trueta, The Effect of Mu: 
Action on the Intra-osseous Circulation, of 
k jo_ and Volume 89, Number 1:179 (1965. 
4. 	Trueta, Joseph, The Dynamics of Bone Circulation, Conference 
Lomu 2wamit U Ford Rus itl, Demtr C1.964) 
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Second Twelve Weeks of the Investigation 
of the First Group of Men-- Os Calcis 
During the second 12-week bed rest period, Robinson and Kolb 
continued with bed rest, but with 1.4 grams of phosphate a day added as 
a dietary supplement. During this same period, Bratcher, Diaz, and Mc-
Neil also continued with bed rest, but without the phosphate supplementa ­
tion. Tables I, II, I1, IV, and V continue with the data on bone density 
of the multiple os calcis sections, with the second bed rest period which 
extended from April 21 through July 14, as has been noted. 
As is characteristic of subjects in a study of this type, past dietary 
history and other background factors lead to different responses to the 
same treatment. Robinson, for example, increased in bone density in 
every section of the os calcis which was scanned during the bed rest under 
consideration (Table I, C to E). Kolb, on the other hand, alternated thfougl 
out the 42 sections scanned in his os calcis between positive and negative 
changes in bone density, with an overall value of +0.58 per cent change 
during the 12-week period, in contrast with Robinson's +5.63 percent. 
Bratcher, with no phosphate supplementation during the second bed 
rest (Table III, C to E) showed 5 positive and 30 negative bone density 
changes in the 35 sections scanned across the os calcis, with an overall 
change of -1.44 per cent.. Diaz, also with no phosphate supplementation 
during this bed rest period, showed an overall bone density change in the 
sections across the os calcis of -21.67 per cent. See Table IV. McNeil, 
during the same period, exhibited an overall bone density change of -4.09 
per cent in his multiple sections of the os calcis . See Table V. 
Final Portion of the Study Ihvolving the
 
First Group of Subjects-- Os Calcis
 
After the first two bed rest periods had been completed, only three 
of: ehefirst group of men continued with an additional 6-week bed rest peri­
od. These were Robinson, Kolb, and McNeil. Of these, the first two had 
no exercise or phosphate supplementation and the third (McNeil) had phos­
phate. A short period of ambulation closed the project for T.W.U. for all 
five of these men, 
Bone Density Changes 
Table Subject Third Bed Final 
__Rest Ambulation 
I Robinson -12.80 +3.41 
Il Kolb -1.25 +3.70 
III Bratcher X +2.32 
IV Diaz X +26.34 
V McNeil +2.07 X 
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Changes in First Group of Subjects--
Hand and Wrist 
Hand Phalanx 4/2, First Bed Rest. Of the two men who engaged in 
horizontal bed rest without exercise, both lost in bone density in hand 
phalanx 4/2 during the first 12 weeks of the investigation. On the other 
hand, the three men who engaged in bed rest with exercise all gained in 
bone density in this finger area. The following gives more explicit find­
ings concerning this aspect of the study. 
Bone Density Engaged 
Table Subject Change(per cent) in Exercise? 
IX Robinson -3.53 No 
X Kolb -10-.78 No 
X1 Bratcher +9.00 Yes 
XII Diaz +9.73 Yes 
XIII McNeil +9.28 Yes 
Hand Phalanx 4/2, Second Bed Rest. The data for bone density 
changes in hand phalanx 4/2 during the second 12-week bed rest may be 
summarized as follows: 
17
 
Bone Density Changes Dietary Supplement 
Table Subject during Second or 
12-week Bed Rest Exercise 
IX Robinson +0.17 	 Phosphate 
No Exercise 
X Kolb +9.91 	 Phosphate
 
No Exercise 
XI Bratcher -24.38 Neither 
XII Dia z -20.03 Neither 
XIII McNeil -12.86 	 Neither 
Hand Phalanx 4/2, Third Bed Rest. Of the first group of men, as 
has been noted, only Robinson, Kolb and McNeil took part in the third bed 
rest, during which neither exercise nor phosphate supplementation was re­
quired of anyone except McNeil, who was given the extra phosphate. 
The findings from the third bed rest and the subsequent final ambu­
latory period related to the behavior of hand phalanx 4/2 were as follows: 
Bone Density Change 
Third Treatment Final 
Table Subject Bed during Ambulatory 
Rest Bed Rest Period 
IX Robinson +0.71 None +4.57 
X Kolb -7.06 None +9.71 
XI Bratcher X None +18.43 
XII Diaz X None +24.34 
No final 
XIII McNeil -0.12 Phosphate 	 ambulatory 
period 
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0mm uo 
II Am uP 

12 mm uo 
13 imup 
14mm o 
I5 mm up 

16 mm up 

I7 mm up

18 mm up 

, 19 mm up 

20 mm 

21 min uQ22 mm o 

23 mm '984 

24 
25 mm tip 
2 u. 
27 mm un 

Total 

"na
 
LiaE iii _EULOUt DE HAQ -
JAULLLRLL 

.LTZ5BG LO £QJJNTS QUR I. .BFQ -KE. 
A B C D E F
 
2/1/69 3/28/69 5/7/69 6/3/69 7/14/69 8/8/69 s
 
100_ 1;16 14L;7 __.].S92 1463 _ 1lj _ 
__150 	 145L 1319., 1221. 1M06 i3o6i
 
I2 i 1112 1141 1206
1 7 __9U_ 

1143 _ 1214 1132 1065 1111 131
 
I .. 15 -
IolI3 1171 13L, iq0__ 8L 

1061 1104 1038 1038
 
1056 1104 1071 I 11 1021
90.30 L 
og, 14 n_ 1017 1073 1-061 
9 115! 10. 1042.... 1092 1Op, 
I123 1167 _64 1036 1096 L 0q2-­
1113 1179 _ E._I 105_LL08 1017_jW
 
]Ogg 1171 1093_ 1029 101 , 1,107
 
If113o 1 6 ._.iz__ Lo88 08 
1094 1121 1030 9790 1055 1072.­
1054 90°9 2 _ 09 1 _JO-10250_ 

1021 1045 969 20 983 - 100 3
 
39tj-_ (_LL.-25 83 9_2 f 8
 
970 1 CS1 8 898 __ 13 .2O_
968 __92_..7 	 8 -92 
10 4 3.__9-L- L8 5 921 q42 ­
1001 _o 92) , 98i1j01_& -9-3J_-
3988 -LQJI -5- -- 93i 881 958f 9S979 _n1003 888 	 - 1l 
9-9 2q 866 932 967_­
2.4 869___mq9 qo34.1 	 0~ft 951 
r9998 (38 89095 962 
.. 32 90. 
00 826_ _7 824 873. 842 ­
29,984 30,916 28,925 .27,455 28,975 29, 181E
 
/-B 
AdLSE& iS mLJJUE SLETISa EM !HAN-AUX l TERM DF4-2 

DUR I NG STE D.E 	 REt .ERAS.E al THE P8QIL=QIZOAM LO 	 -TJIAS. 
7/3/69 Y/1I6SV 8/8/6S [%/i/69 	 Per Cent Change between Tests 
6/3/699 7/14/69 '88/69 9/15/69 0/14/69 A to C C to E EtoF F to H 
LITS7 M2 .1463 1449 463 1677 -2.87 +o,41 -0,96 +1.93 
1221 J306 1306 1410 1431 -230 --0 8_ -+9!O O0 57 
.. _1931 1112. 1141 1206 1252 1985 .-. 16. -4,36 - _,2o +6.55
 
1132 _ 1065 lL.l 11.31 1183 1247 .l.. JK__ -1L86 +1,80 -ji1o26
 
I100 I__J3. I09; 1088 1131 198 -17O t..ajj.4 -o.64 +.I1I1
 
908 -.. 1038 103. io6sl 1058 -1.13 11.0s tj -- ±1.93a
 
-10._1. __--9 _o102 10 1066 1085 +1.42 __j- _ +2,64 +3.53
 
1O0 101 lJ1073 06.1 1092 1164 -0.46 -1.56 -1.12+.q_.. 7
 
jQ.95L __1042. 1108 -1 26...Q = . O.._. __±2..I0__
109-2-.LBL84_ 1161 ..
I'Uf o36 _ 1o96 L.0Q7. i11l 117 -0,6z_ I-1.791 .. _5S - 900 
___]_LQ8j _ a07 25 1142 -0,45 -821 +5.,11 - 8I0_5_ 106u 
L093 j 1029. 101L ..1107 1125 1193 -0.55 -714 ±9,06 --7..77 
1017 _07311088 1089 1097 1123_ o +1.40 ]__03 +3,12 
1 1030 979 105i 1072 1075 1099 __i85 +2.43 +1,61 +2,52 
L. 	__.U. -- -35I-- J 025- 1032 1 .2_ 1 . -5.41 +2,81 +0. 68 +2 42 
.O983. 00. 1021 1042 -5,09 +1,44 +2.03 3,89 
89. 952 q6 q2 -4, Q._ _._32a -0 10 +1 68 _+.2 48L 
.918 898 ,0 9S5 983. -,6 +26-- +29---2,33­S.16 +1,31 
0 8 28 .____ _ _6Q 969 -6.30 +2,32 +3,34 +I 04 
1921 	 q42 ;8 q83 -9..47 ± U0.33 +2.28 +4,35 
929 - 985 990i I) 98 -4.80 -241 +5,gL- + 41 
881.a '58 9S2 980 984 -4.96 +2.02 -0 6 3..tt 
888 °,3 931 . _5 . 967 -3.06.o -1. -- 0,11 +3 
__/ 866 L 32 967 . )56 q62 -5,03 +o.76 +3,76 .-g2,52 
__2_ 869 L. O. o,51 $62! .... 97 -15J.3 +2.81 +0 11 +o.63_ 
t9_QL_ q58 c62 . 90Q - 975 -5,44 +2,13 +0,42 +135
 
..__ 2 _ 2- 9.2 .- I91 +3,32 -2.90
. . .... S0 31 -5.75 
82487 842 870 8 _ 0+8 1 -3,x;5 +6,77 
28,925 27,455 28,975 29,181 29,855 3,516 3.53 -0.17 +0.71 +4.57 
IiQ .E X 
O&aiS j-MUL1JTIPLE SECTIONS OF HAND PHALANX L-2 
._,BAI._ COINT JjLE BEDF_-ST PHASE OrNG&  
 -
SU&JECT: £Bh J
KQLi
 
Position
 
of A B C D E F G
 
Section 2/1/69 3/28/69 5/7/69 6/3/69 7/14/69 8/8/69 9/15/69IC
 
Proximal End
 
of the
 I_____6______0_ ___._____ _ 49.____L_ _____ ___!3J 31 
Pha-Iajrm 1401 1340 15 165 1350 i3I31 12It 
1 mm u 1j313 12k9_ i6; 1168 1318 1085 11861 
2 urm tip IIII 10 _1046 L1 3- 1088 979 1O01 
r up 1083 ...1036 1022r 1026 1059 964 982 
4 mm Qp 1077 1000 9.4 1000 1033 968 ___0.1 
5 mm tn, I 1073 .1003 11 1011 1016 099 995L 
6 mrnrp.j1 1110 - 1059 9S532 1023 1063 1012 1038 
I.mm u I l13_.8.___7.23_ Q 1 09_ .51002 1042 
8 mm p 1129fi 058 969 1062 1115 1025 1037 
.9mm up 1L21 6 i 9. 1066 .1103. 1062 - 10410
 
10 mm uLp 1110 1Oqj96 I068 109 1016 1022 
11 mm uD 108t 1046 5SLI 1038 io66 1013 -1I01 
12 m m u ___I ___ 05_ 1-4 1039 1042 1004 1o8oj
.13 mm up 1__0 54.___9_5_ 0Iqs 1000 __ oo61_ 95 ,,g2 
15 mm un -- QL -3q lfL 2 L 6 1006 5t qrj1000 q
14 mm up I011 982 926 0991 1003 939 0871
 
1.5 min lit I000 96 q07 .963 - 98r) q13 9231 
16 mm up 9 )51 8C8 952 958 908 94L0 
17 mm uip _ 964 33 . 8_7 31 952 902 92& 
18 mm up_ ,_ 48_ 881 _ . 894 858 Q51 
19 mm up -- _ 4 80,4 RL2 1 ._9_0 942 871 8821 
20 mm UP 903 886 810I 882 909 855 ...874 
21 mm UP 948- 875 -2 871 910 896 5_ 
22 mm u8 86 798 8sq 880 842 848 
23 mm up 91F_ 892 -3825_ 886 945 876 862 _ 
24 m u 912 --- 2a2 8 879 909 840 880,__ 
25 mm un 896., 859- 801 842 889 807 831! 
26 mm up L 713 700 623, 663 749 55., 660 
Total 27,870 26 ,662j 24,864 26,409 27,358 25,399 26,077
 
- LAL.Z 
.l f ULI4uLEkECfTIONS DE AID PHALAN4X 4-Z aIEMi UlE 
:f.EOATR J. J WIRING IJf HEf B T PHASE .QE -TEE PROJEC 
1• Per Cent 	 Change between TestsC E 8/8F/9 G 

517/69 6/3/69 1.7114169 8/69 9/15/69 10/14/69 A to C C to E E to F F to H
 
1__ 52_ D5_ i 1321 1426 -10.35 +7.A8 -1.ln 
116; 118 ILI8_ 1085 1186 1281 -11,27 , ._,_68 +18 o6I _Q46_1 _ 	 979_ lool 1134 -585 +4,oj _158lo 1088 	 -10,02 

102^ [ 1026 1 . a964 982 1069 6 2 8. 8 
___]__ 31 968 977 1071 -7.71 +3,92 -6,29 +0 .64 
_911 oi1 1016 39I995. 1041 -15,10 +11.52 -1.67 +4,20 
10 1012 1065 +11.54 
9.-- __83 0.95 1042 -11,68 -8.49 ±9,08 
.0.2.35 106 	 1038 -14.14 -4.80 + L.24 
.Q5 	 1002 1093 +1139 
969. 	 1062 1115 1025 1037 1122 -14.17 +15,07 -8.07 +9.46 
11031066_1062 1041 1144 -12,76 +12,.78 -3,72 +7.72964f 106_ *._f 1022 1141 -13.15 0 _ 
_9E5r 1038 1066 Jl101 1011 1107 -11.61 +11,16_ _ - 4,97 ± 
S4J 1039, 1042 1004 108O I0 -12.31 + -3.65 +8,86 
. ,9 1000 1006 955 .95 _ 1063 +9.47 -5,07 +1131 
8 1016 	 +11 .84 +12.. 
926 I 9 100323~ 982 101' -8.,41 +8.31 -638 +10.01 
107__. ,.963 985 913 2 993 -9.3o +8,6-0- -7,31 + .7 
U )52 .i958 908 9 980 -9,93 +6.68 -5.22 +7,93 
93 -I-;2, s2 96 . 9 23 80 +7.43­2 	 ... . -5.25
8 910_ 	 8q4 M5 90U 95.1 rl,6__58_0 _ 1 
__ ~2 t.. . SQ.......... -10.. 	 -4.03 +10 84
86ft.+s 
- 8. 942 871 1 882 93,5 -10.71 .+11.88 -7.,54 _LS 
L-%810 882 909 85 . 874 897 -10.3o +12.22 -;.q4 +4.911.J-J S871! 10 819 6 89 4 -1 .5 +lO 84 .- 10 00 +9,16. 
1018768 +1o2 8 ­-10.34f& I-zL.70.8 -u5i 880 842 848 878 -10.34 +j.1028 _L32 +4,27. 
Mr i 886 94... . 876 862 894 -),84 +14,54 -7,30 +2,05 
879..89 901.-. 840 880 926 .32 +9 +10.24 
8dQ q . 807 ...831 881 -10,60 +10.99 -9.22 + 79.17889 .P .623. 663 L.,,.749L 554 66o 78 ; -12.62 +20.22 - -26,o3 +I41.70 
r24,864 
 26,409 27,358 25,399 .26,077 27,866 -10.78 +9.91 -7.06 +9.71 
LtWf-LE XL
 
Q1&NflSJA ti[ PI -E £E& JMS fL LKt UIAfLD £8 A' -:I II M 
, ._,srn aa.aa .QE r
nw...TtL RE$S_. £_u:aS_ 

SUBJECT: FRED l1AICUi __________ 
Position A
of ABC.
 
Section 2/1/69 3/28/69 5/7/69 6/3/69 7/14/69 8/2,
 
Proximal End 
of the 
I mm uo 
2 mm up 
_. 
1M20 
322 L 
i.51AP 
2(I 
ljtit
-­-,_16-27 -61423 
1h871448 
1270 
J1.167117 
1.047 
-3_ m LID 1224 12rl _333_ 8 _I 
4 mm in 1284 18i 27 11921 962 11 
mtn18168 1 1274 .. i52a 954 1n.
 
6 m go f1].6 1169 1269 1144I 948 11 
.7mm ti Ijj-76 1184 1283 1178 I 9S9 11 
8 mm Lip 164 I], 1i]74 1265 1163 947 t. 
9 11 Up 1151 -L13154 1251 158 948 1? 
10 mm up 11JI4h5 ]!J31 1222 _f _._2%.2-_93n1__ IF
 
11 m 1107 -- t7 1184 .19] 899 JC
 
12 mm ui 1080 1070 1072 890 IF
107 
-3.m utnD. 10 7 Llt.0SC 1027 87 
14 mm tip 1000 393- 1072 90,8 831 C 
m n_ _ __6 ___10__ 60 8 808 
16 2m8p 976 1064 982 81r, C 
17_m. k. _96h_ 1070 980 802 
18mm p_ i-a4 64 110 997 833 
Mm )..01_ 19O3 95 1108 996 824 C 
20 mm uo 1004 988 1125 1009 8146 
'
 21 m uD 10115 101.7 116h 103286 
22 mmn tip 1026 1031 1168 1039 8s7 E 
23 mM IP 00t 1029. 11148 852o 1002 
24 m tin 939 1034 1023 94 9319_ 
25 mm U848 L q 6 919 - l85 J 713 
26 mm up 80 -[' 844 869 806 1 684 
27 mm- tip L 688L 801 741 7lj1 616 
Total 30,203 30,450 32,922 30,051 j 24,894 29,L 
Lu~lo" aQU- L 2E_ E 4 -L 
£Wf . BaL Bh 1HASE !IK il 1B1%it YLELL.SELII5. I aI.N 

AD B Dbetween 
A F Cent ChangeB - .Per Tests 
2/1/69 3/28/69 5/7/69 6/3/69 7/14/69 8/8/69 ests 
_ ___.________ _tCo_____ E EtoF 
-c IQ -7 -26 .L 57 2.1 +61 
- __J5 L o_ 1627 1448 1176 1474 +7Z, 2 28 4 
- 122. 121923 1270 1047. 1343 +7,.61 -26.42 _±28.27 
,224.1251 1339 1192 981 1242 +9,4o ,-26.74 +26,60z I 184 ,. 1181 .. 28J9_2 +8 70 - 525 +18.D9 
1180 116 1274 1152 9r4 ..1120 1+7.9() -25.12 +17.40 
1164 I 1169 1269 1144I i_ +9.02 -25,29 A18.16 
- 76! .. 1184 1283 1178 95 1Jf0 +9_j 0 1 .74 
II64 1174 1265 1163 1139, -868 - -25.14 +20.27 
3 
-1 1 1251 158 948 1125 +9.21 -24.58 +18.67 
1222- -_ -L 10o6 :2-2_ -- j l145__.__.U_ l_-[~- - -'._--.- ' -_9 85_
 
.i jD 1117 1184 1091 899 101 +6.ao,. -24,o7 +16.0,1
 
1080 1070 [ HR 10,2 890 1013, +r.09 -2158.r +11
 
__ 1020 L_.i33l __ _i _ 027 8S] 987 +9.31 -23.68 __±_Ll ._
 
__ 1000Li.__-_9__ 1]2_-8 .18$9 + -i -22!48 +t6,61
691___ 1060 968 8o8 9 ;33 93 -277 +15.47 
-_ 92 - .a976 164 1 982 815 9030 --9 2 -23,40 +14.11 
r964 1070 980 802 925 +11.7 -25.05 +.913 
_ ____ _64 1103 997 83. 949 +10,96 -24,,8 +13 ,92 
1 0 __95. 1108 9c6 1 824 c)83 I 0,.61Q -25.61 +19,0% 
5 10_0_ 988 1125 1009 8116.4 a8j 1 05 .24.80 
0 1017 1164 102 861 100 + 1.3_ -26,03 +16,72 
I 1026 1031 1168 1039 3807 __O49 L 2663 18.9O 
iOL, 118 9831 029 LO02 --- 852 t4L.3L -25,78 +15,61
 
103439.9 1023 -23- +8.94 - 2487
 
84 q.s_19 853 7L3 2843 +8,37 -22.41 +18,23
 
8o3_1 844 869 806 684 8__o +8.22 -212 +18.42 688 801 1f 8J38 616 767 +7_70 -16.87 -24 51
 
30,203 30,450 32,922 30,051 24,894 29;481 +9.00 -24.38 +18.43
 
£1 1.E.S.EZL QE THE HAD L2 42 IN TERMS OF INTEGRATO 
£flNSLi DOILiNGE BiZ £L2 QMPAE=2E PROJEI 
SUJECT: ALFREDO PLAZ
 
Position Per Cent Change
 
of A B C D E F between Tests
 
Sect ion ____________ ___Section 2/1/69 3/28/69 5/7/69 
 6/3/69 7/14/69 8/8/69 A to C C to E E to F
 
+I 
of the I 
Phnlanx _j35 _218 ___ 121 1016 1181 12.42 -238 +16 .4 
I mm LD 985 10up4 11,48 71..... 848 1122 +16,5z -26.13 +32.31 
.2 mm LID 89 95 1032 944 787 951 +20.70 ,-23.74 +20.,84 
__13...... 912 905 898 J.85, 

Proximal End _0_
 
792 93] 758 +17.55 +18, 47 4 mruta 822 890 878 875 702 90 +6,81 -20.04 +28.35 
S mm LIDP.. 868 872 870 722 871 +7.26,, -17.20 +20.6L 
6 MM LID' 83.1 8q3 .9 874 728 88q +770 -18,66 +22.12 
mm Lip 57 9 899 .32 738 18 +8.02 -18.18 +24.39 
8 mm u I B3q 879 O. 89 761 928 +8,46 -16.37 +21,9L; 
9 rAm LIP 842 882 904 888 796 q22 +7,36 -16.37 +21.96 
10 m tip 847 865 91Q 880 . 92j 7,44+7.i3 I +21 ,94 
11) mm 842 888 920 889 787 30 +. 26 -4.,46 +18.17 
12 mm (I 84 ; 888 __3Sfl7 887 768 c24 +7.L4 -];.32 +20,11F 
13 mm u 822 85 911 874 768 41 +1083 -15.7Q +19.01 
l14mm uip 800 839 l827 89 696 882 +9,62 -20.64 +26.72 
15 mm UD 79Q 822 867 831 687 868 +9.7q -20.76 +26.35 
16 mm LIP 798 813 868 823 689 87B +8.77 -20 62 +27.E;8 
17 mm un 7q6 '18 867 82 708 88 +8,92 -18.34 +2 4. 86 
18 mm up 782 837 82 847 71o.. 894 +12.79 -1950q +25,91 
19 mm LIP , 78. 87 5 872 860 681 868 +10.80 -2l q. +27.46 
20 mm up ,825 , 42 .. 879 843 663 882 +6.54 -24.57 i-33.03 
21 mm U 817 3. .. 827 S +7,_ -24.37 +-29.22. 4 t 664 
22 flln LID 797 828 867 818 678 866 +8,78 -21.80 +27.73 
23 mm uo 812 84s ....869 792 655 861 ..±7,02 -24.63i +31 ,45 
24 mm up _ 7808J.L 881 772 61 829 +8,46 -23,09 +27.34 
25 nm up 7l0i71 766 704 598 749 + -21.93 +2 a25 
Total 21,629 122, 23,734 2278 18198 0 23,599 +2473 
CH.LNGES _ILTIPLE U INTEfRATORSECIONSE JLIJiHAM.£HALANX LL2n lTERMS 
COUDNTS. DURINGS If- MEDRfEj PHASE DE IdE. PROJECT 
SUBEC: GlEORGlE drALNEL_ _ _ _ _ _ _ _ _ _ _ 
Position Per Cent Change
 
of A B C D E F between Tests
 
Section 2//69 3/28/69 5/7/69 6/3/69 7/14/69 8/8/69 A to C C to E "E to F
 
Proximal End
 
of the
 
1776 .L 0 1882 1811 2166 162& , 5 97 -11,32 -2-64
 
1 mm u 13 1636 1716 1540 14 1412 +8.,4o -is.0o3. rl.L9
 
2 mm uD 1318 1449 1477 1404 1332 1346 +12.06 .r9.B2 +1,05
 
3 mm up 1222 1.375 1382 1315 1272 1257 +13.09 -7,96 -1,18
 
km 1224 1321 1314 2 1215 -4.95
.... 1249 +7.,5 -2.72 
-5mm up 1174 1114 1320 1299 1248 1214 +12.44 -5,4 -2.72 
6 mm UP 1 1257 .. 1301 1264 1251: 1..1190. +L.S0 -3.84 -4.88I, ..... 

7 mm up 1262 1287 1316 '126; 1195 1168 +428 -9.19 -2 26
 
8 mm uo 1200 1229 1281 1236 1158 137 ,,+6.75 -)60 Z1.,l
 
..mm up 1181 12031 1237 122S 1088 1105 ,±,7± ,-12.,0 +is6 
10 mm up . 1144 1184 1212 J1103 1O.I091 + ,94 -13.12 +3,61 
II M LD 111 1,147 u87 1154 jf140j 1050 +6.6s' n12,38 . 0.96 12 mm up I!05 1117 1 1M llq4 1011 i0 4 -12J16 +2.27
q +4.16 
3 mm tip 1081 ,.,30 1127 1124 I092 1II05 +4.26 -2,66 +0,73 
1,4 mm up 1 104 1094 1089 i1694 1077 1088 +4.31 -l.0 -4li.02 
15 mm up 1014 1059 1082 1082 940' .... +6.71 +4,79,.85 -13.12 

16 mm uo 1022 1043 1080 1o55 961' 946 +68 ,-11,D2 .- 1'i56
 
17 mm up .. 020 039 1074 1057 935 943 +0.86
.. +529 -12.94 

18 mm up 1021 1043 1073 I053 , 936 947 +q.09 i'-12.77 +1.18
 
I9 mm up 1001 1030 1067 103;, 959 9i8 +6.q9 -i0,12 ,-2,19
 
20 mm Up 987 101 1047 1037 913 938 +6.o8 t12.80 +2,74
 
21 mm up 987 1021 1048 lo9 932 933 +6_18 -11.07 +OMll
 
22 mm up 1033 1,67 , 150 1122 9 0 . 971 +11.33 14.78 -i
0.92
 
23 mm up 1098 10951 1238 1147 1009 987 +12.75 -18.0 -2.18
 
24 up 1m 1039 .]085 +12,90 443
-2071124___L30 2 -18.12 
29 mm UP ,,,1067 1131 1327 II99 1028 1068 +24,37 -22,53 +3,89 
26 mm un l096 1084 1481 I068 961 1- 66 +3;.1 -"498 +0.31 
27 mm up 1030 ,,,9231 1244 1 92 855.( 848 +20.78 -31.27 -0.82 
Toal32,184 33,311 35,172 33,405 30,648 T30612 +9.28 -12.86 -0.12
 
23 
Hand Phalanx 5/2, First Bed Rest. During the first 12-week bed 
rest by the first group of participants, the bone density changes in hand 
phalanx 5/2 were the following: 
Change in 
Table Subject Exercise Bone Density 
(per cent) 
XVII Robinson ........ no ............. .5.66 
XVIII Kolb ............ no ............. +3.32 
XIX Bratoher ........ yes ............. +5.92 
XX* Diaz ........... yes ............. -2.73 
XXI McNeil ......... yes ............. .6.33 
As in other cases with which we have worked, the second phalanx 
of the fifth finger has not been increased with the use of the Exer-Genie, 
probably because this finger is not involved with the use of this exerciser. 
The subjects appear to follow individual characteristics rather than muscle 
pull in the finger causing bone density increase. 
Hand-Phalanx 5/2, Second Bed Rest. During the qeond 12-week 
bed rest, the hand phalanx 5/2 bone density changes are given below. 
The phosphate supplementation appeared to have improved the bone densit 
of the hand phalanx under consideration. 
24 
Change in 
Table Subject Phosphate Bone Density 
- (per cent) 
XVII Robinson ........ yes ............ +8.64 
XVIII Kolb ............ yes ............. +6.63 
XIX Bratcher ......... no ............ -10.61 
XX Diaz ............ no ............ -9.26 
XXI McNeil ......... no ............ -3.45 
Hand Phalanx 52, Third Bed Rest. As in the case of other bones 
which were evaluated, only three men participated in the third bed rest, as 
noted below. These were Robinson, Kolb, and McNeil. 
Change in 
Table Subject Phosphate Bone Density 
. -(per cent) 
XVII Robinson ........ no ............. .- 3.95
 
XVIII Kolb ............ no ............ -14.49
 
XXI Bratcher ......... X ............ X
 
XX Diaz ............ X ............ X
 
XXI McNeil ......... yes ............ +4.11
 
Hand Phalanx 5/2, Final Ambulatory Period. The performance of 
hand phalanx 5/2 during the final ambulatory periods of the men of this 
first group is given below. All of the men did not begin their final ambu­
latory periods at the same time. Robinson began his ambulation on 8/25/69, 
25 
with radiographs taken by T.W..U. on 8/8/69, 9/15/69, and 10/14/69. 
The last date was his final radiograph. Kolb's pattern was exactly like that 
of Robinson. The final ambulation periods of Bratcher and Diaz began on 
July 14th and continued until August 8th. 
Change in Bone Density 
Table Subject during Last Ambulatory 
Period 
(per cent) 
XVII Robinson ................. +14.25 
XVIII Kolb ..................... +6.50 
XIX Bratcher .................. +4.67 
)a Diaz ..................... +11.57 
XXI McNeil .............. .... None 
As noted, McNeil left the study unexpectedly on the day when 
his last radiograph was to be given, and his last short ambulatory period 
could not be completed. 
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Bone Density Changes in Bones 
of the Wrist
 
The bones of the wrist which were radiographed along with the hand 
x-rays and which were evaluated for bone density included a section across 
the distal end of the radius, one across the distal end of the ulna, as well 
as a diagonal section across the capitate. The bone density changes which 
took part in these bones were evaluated along with that of other bone areas 
which have been considered. Table XXV includes the basic data for these 
bone sections. 
Bone Density Changes in the Distal Radius throughout the Study of 
the First Group of Participants, First 12-Week Bed Rest. During the first 
bed rest, when two of the subjects did not exercise while three of them 
exercised, using the Exer-Genie, the following bone density changes took 
place in the section which was evaluated across the distal end of the radi­
us: 
Bone Density Change 
Sfibject Exercise (per cent) 
Robinson no -4.88 
Kolb no , 8.78 
Bratcher yes +5.97 
Diaz yes +6,48 
+Z'12McNeil yes 
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Distal Section of Radius, Second 12-Week Bed Rest. During the 
second bed rest when phosphate supplementation was offered to some of the 
experimental subjects, some of the men gained and some lost in bone den­
sity, whether or not they received the extra phosphate. The data on this 
bed rest follows: 
Bone Density Change 
Subject Phosphate (per cent) 
Robinson yes +4.86 
Kolb yes -7.33 
Bratcher no -6.01 
Dia z no -8.74 
McNeil no +3.60 
Distal Section of Padius, Six-WVeek Bed Rest. Three of the five 
subjects of this study took part in a six-week bed rest which followed the 
second 12-week bed rest. Of the three subjects, only one received any 
Phosphate supplement, with no exercise being added to any of the programs 
The treatment given to the men is shown in the following outline, together 
with the change in bone density. 
Bone Density Change 
Subject Phosphate (per cent) 
Robinson no -2.14 
Kolb no -8.98 
Bratcher X X 
Diaz X X 
McNeil yes -2.88 
There appeared to be a difference between the negative and positive 
changes in bone density of the distal radius whether phosphate was pro­
vided or not, with the positive change in behalf of the one subject who re­
ceived the phosphate, 
Distal Section of Radius, Final Ambulatory Period. The following 
data show that the bone density of the distal end of the radius tended to 
show some increase during ambulation, with the exception of one man. It 
should be noted, however, that the ambulation periods were of relatively 
short duration, since the T.WU. group did not make trips to San Francisc( 
for the purpose of participating in this study except in connection with ob­
taining bed rest data. Securing x-rays from men who had reambulated was 
incidental. Hence the bed rest periods covered usually were not as long 
as those recorded by the laboratory at the Hospital. 
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Change in Bone Density 
Subject during Last Ambulatory 
Period 
(per cent) 
Robinson +3.25 
Kolb +9.83 
Bratcher +3.27 
Diaz +1.43 
McNeil No ambulation data 
Bone Density Changes in the Distal Ulna throughout the First Group 
.of Participants, First 12-Week Bed Rest. As in the case of the section 
across the distal end of the radius, the corresponding section across the 
ulna lost bone density to a minor extent in the men who did not exercise and 
gained in those who did. 
Bone Density Change 
Su Exercise (per cent) 
Robinson no -1.49 
Kolb no -4.34 
Bratcher yes +5.79 
Diaz yes +8.07 
McNeil yes +2.00 
Distal Section of Ulna, Second 12-Week Bed Rest. As in the situ­
ation with the distal radius, the distal ulna was not uniform with respect t( 
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the changes in bone density with the subjects with and without phosphate 
supplementation. One subject who received extra phosphate had an in­
crease and one had a decrease in bone density, with two decreases and one 
increase among the three men who were not given extra phosphate. See the 
following summary: 
Bone Density Change 
Subject Phosphate (per cent) 
Robin son yes +3.64 
Kolb yes -6.74
 
Bratcher no -6.61 
Diaz no +5.61 
McNeil no -1.82 
Distal Section of Ulna, Six..'Week Bed Rest. As with other bone 
areas evaluated during the only six-week bed rest of this series, only three 
men took part in this section of the study as shown in the summary below. 
The men who received no phosphate were negative with respect to the bone 
density change of the distal section of the ulna, while the subject who 
received phosphate made a modest gain. This is outlined below. 
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Bone Density Change 
Subject Phosphate (per cent) 
Robinson no -3.61 
Kolb no -8.20 
Bratcher X X 
Diaz X X 
McNeil yes +2.26 
Distal Section of the UIna, Final Ambulatory Period. During the 
final ambulatory period for these subjects, all of the men except one made 
some gains in bone density during ambulation as shown below: 
Change in Bone Density 
during last Ambulatory 
Subject Period covered by 
Radiographs 
(per cent) 
Robinson +5.54
 
Kolb +5.08
 
Bratcher +3.18
 
Dia z +7.22
 
McNeil 'No ambulation data 
Bone Density Changes in the Capitate, First 12-Week Bed Rest. 
Those who exercised during the first 12-week bed rest of this part of the 
study gained to different degrees in bone density of the diagonal section oI 
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the capitate, while those who did not exercise experienced minor losses, -
See below. 
Bone Density Change 
Subject Exercise (per cent) 
Robinson no -1.24 
Kolb no - 6.61 
Bratcher yes +5.27 
Diaz yes +8.57 
McNeil yes +1.12 
Section of the Capitate, Second 12-Week Bed Rest. During the sec 
ond 12-week bed rest when extra phosphate was fed to the first two men 
and no phosphate to the remaining three subjects, the men were not unifor 
as to the bone density changes. One man receiving phosphate supplement 
tion gained and the other lost in bone density. Of the three who received 
no phosphate supplementation, one gained and two became lower in bone 
density. See the summary below: 
Bone Density Change 
Subject Phosphate (per cent) 
Robinson yes +2.92 
Kolb yes -5.27 
Bratcher no -7.31 
Diaz no -9.67 
McNeil no +5.95 
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Section of Capitate, Third Bed Rest, Six Weeks. Phosphate ap­
peared to. have had no effect upon bone density in this short bed rest, with 
all three subjects who participated becoming lower in this respect, whether 
they received the phosphate supplement or note 
Bone Density Change 
Subjec Phosphate (per cent) 
Robinson no -3.93 
Kolb no -6.59 
Bratcher X X 
Diaz X X 
McNeil yes -4.69 
Section of Capitate, Final Ambulatory Period. During the final am­
bulatory period, all subjects except one gained in bone density during the 
short period covered. An exception was found in McNeil who left immedi­
ately before he was to have given his final radiograph. 
Change in Bone Density 
Subject during last Ambulatory 
Period 
(per cent) 
Robinson +5.21
 
Kolb +7.32 
Bratcher +2.39 
* Diaz +8.19 
McNeil No ambulation data 
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SECOND GROUP OF SUBJECTS 
Changes in Bone Density 
Anew man, Robie Wilson, entered the study on May 7th, 1969, 
but he was not immediately placed in a test category. On June 16th he 
began to be fed a phosphate supplement while at bed rest, with this test 
continuing until September 8th. 
Two other men entered this part of the study, and were radiographed 
for the first time by us on July 14th, 1969. These men were Roger Gieck 
and John Graham. They were placed on the phosphate test on August 25th 
and were continued with this daily dietary supplementation while at bed 
rest until November 10th. At the conclusion of the phosphate test, each of 
these three men continued with bed rest without any dietary supplementa­
tion, except that which was in theit regular diet. 
In summary, the plans for these three subjects, and the outcomes 
of their parts of the study are shown in short summaries and in the text 
material which follows through this part of the Report. 
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Changes in Multiple Sections of the Os Calcis 
in Terms of Integrator Counts during the First 
Bed Rest for the Second Group of Subjects, 
With and Without Phosphate Supplementation 
Tables VI, VII, and VIII, which follow, give the data on multiple 
sections of. the os calcis during a 12-week bed rest during which a phos­
phate supplement was fed to all three of the subjects under discussion. 
Wilson received his initial radiographs for this bed rest on 6/3/69, 
with the bed rest beginning 6/16/69. His final radiograph of this period 
was on 9/15/69, with the bed rest closing on 9/8/69. 
Gieck and Graham had their first radiographs made on 7/14/69. 
Their first bed rest extended from August 25, 1969 to November 10, 1969. 
The nearest times for x-rays which were available were August 8 and No­
vember 26, 1969. 
Os Calcis, Initial Period. It was fortunate for the study that this 
second group of men each had an initial period of time for equilibration. 
Wilson had from 5/7/69 to 6/3/69, and the other two from 7/14/69 to 
8/8/69. During this period, they showed the following changes in total 
bone density of the multiple sections of the os calcis: 
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Initia 1 
Table Subject Bone Density 
A to B Change 
(per cent) 
VI Wilson +3.71 
VII Gieck +4.04 
VIII Graham +13.72 
The gain during this period indicates improvement in the experimental diet 
in comparison with their previous diet. 
Os Calcis, First Bed Rest for the Second Group of Participants. 
During the first bed rest in which the second group of men took part, they 
received the phosphate supplement throughout. The following summary 
shows the source of the data on this portion of the investigation, and the 
outcome in terms of per cent change in bone density during the period. 
Bone Density 
Table Subject Phosphate Change(per cent) 
VI Wils on yes +5.53 
VII Gieck yes -1.53 
VIII Graham yes +8.86 
Os Calcis, Second Bed Rest for the Second Group of Participants. 
During the second bed rest for the second group of experimental subjects, 
the plan for this part of the investigation was to withhold the phosphate 
supplementation for all three men so that comparisons could be made at 
43 
close intervals of time. The difference in the bone density of the os calcis 
between the bed rest when the phosphate supplement was fed and that dur­
ing which it was not provided is illustrated by the following brief summary: 
Bone Density 
Table Subject Phosphate Change 
(per cent) 
VI Wilson no -7.63 
VII Gieck no -5.95 
VIII Graham no -16.55 
Os Calcis, Final Portion of Study Involving the Second Group of 
Subjects. The portion of ambulation of the three men under discussion 
which was covered by radiographs was of very short duration-- from 
11/26/69 to 12/17/69. The data are summarized briefly as follows: 
Change in Bone Density 
Table Subject during the Specified Period 
of Final Ambulation 
(per cent) 
VI Wilson -0.99 
VII Gieck +18.11 
VIII draham +13.50 
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Changes in Second Group of Subjects--
Hand and Wrist 
Hand Phalanx 4/2, Initial Period. During the first period of the in­
vestigation when no experimental program had been undertaken by these 
three men, their hand phalanges 4/2 showed a considerable gain in bone 
density. It is not known by the authors of this report whether they exer­
cised while standing, by the use of the Exer-Genie, or whether they exer­
cised in any other manner. In any case, through this ambulatory period 
they gained iibone density of phalanx as follows: 
Bone Density Change 
Table Subject in Multiple Sections 
of Hand Phalanx 4/2 
(per cent) 
XIV Wilson +11.59 
XV Gieck +7.56
 
XVI Graham +13.26
 
Hand Phalanx 4/2, First Bed Rest. During the first 1"2-week bed
 
rest for these subjects, when phosphate supplementation was fed, hand 
phalanx 4/2 showed some increase in each of the men, as shown below: 
Bone Density Change 
Table bct Phosphate (per cent) 
XIV Wilson yes +13.51 
XV Gieck yes +15.14
 
XVI Graham yes +15.80
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Hand Phalanx 4/2, Second Bed Rest. During the second 12-week 
bed rest, when no extra phosphate was provided, the bone density change 
was in the opposite direction from that of the first bed rest when phosphate 
was fed, as was found with respect to the os calcis. The findings for this 
phalanx were the following: 
Bone Density Change 
Table Subject Phosphate (per cent) 
XIV Wilson no -8.34 
XV Gieck no -10.03 
XVI Graham no -8.44 
Hand Phalanx 4/2, Final Portion of Study Involving the Second 
Group of Subjects . As mentioned above, the portion of the final ambulation 
period covered by radiographs was of very sh6rt duration. The bone density 
performance of the hand phalanx 4/2 was very irregular with respect to the 
three subjects, as might be expected, because the activity involving the' 
hand in which each engaged was not recorded. The bone density changes 
of hand phalanx 4/2 are shown below: 
Bone Density Change 
in Hand Phalanx 4/2 
Table Subject during Portion of Final 
Ambulatory Period 
(per cent) 
XIV Wilson +160 
XV Gieck +14.42
 
XVI Graha m +8.58 
I-LLIE L I 
S I J2LUE .L JQS E IaE.F HAM PEHALANX 4i-.J11ERMS OF JRUE2AI 
COIUTS DUlRLI MU DMS BMS £lAS.. U E 23 -
Positton 
of 
Section 
A 
5/7/69 
8 
6/3/69 
C 
7/14/69 
D 
8/8/69 
E F G H 
9/15/69 10/14/69 11/26/69 12/17/69 
Per Cent Change'between Tests 
A to B B to E E to GIG to H 
Proximal End 
of the 
PhnlRnx1 mm ui 86o74.4 961811 1002911 1051905 1069942 i06891 10.16881 102q890 +11,74o0 +11.24+16.1.5 -4.96-6.48 +0,89+],02 
2 mn no u 
3 mm uo 
4 mil t)o 
5 mm LoD 
6 mm uP 
7 mm .u[ 
8 mm LOI 
9 mm up 
10 mm LIno 
11 mm uo 
12 mm uP 
13 min p 
1 mm uo 
15 mm uo 
16 mm Lo 
17 mM Lo 
18 Im no 
19 MM Lo 
20 min uo 
21 mm Lo 
22 min LIP 
23mmno I 
i 
732 
664 
665 
651 
656 
6o3 
644 
610 
61 
609 
180 
577 
576 
577 
569 
59q2 
6oo 
q 
602 
83 
9 
L6 
805 
7;7 
738 
f39 
734 
737 
729 
721 
93 
673 
674 
658 
638 
636 
636 
664 
663 
66o 
6 6 
655 
643] 
469 
.83 
768 
785 
768 
768 
759 
74s 
757 
711 
707 
704 
i 677 
682 
671 
668 
673 
674 
682 1 
. 686 
687 
680 
583 
867 
812 
790 
799 
787 
805 
774 
777 
762 
753 
M3% 
,723 
715 
699 
704 
722 
723 
725 
728 
720 
712 
588 
880 
82,0 
775 
791 
805 
820 
817 
805 
803 
802 
776 
749 
729 
73 
733 
766 
791 
776 
261 
7L6 
742 
603 
854 
811 
774 
779 
779 
788 
772 
763 
782 
764 
745 
724 
720 
706 
718 
732 
762 
74 
729j 
722 
59r6 
836 
786 
772 
77 
765 
775 
763 
741 
731 
712 
680 
676 
664 
644 
653 
671 
673 
670 
67j 
5 
6 
852 +9.97 :+9.32 -4.77 1 1 
795 +40 L +8.32 -4A1 +1,14 
786. +0598 +,01 -03 +1l,81 
7 +13.5 +7.04 L"5i +2.46 
770 +1189 +9.6Z -4.97 +0,65 
79. +12,86 +11,26 -,49 . +1,8 
778 +13.20 +12,07 -6,61 +1,96 
752. +14,44 .+1,65 -7.95 + ,48 
7.530 +11.95 +15,87 -8,97. +2.6o 
70F +10 m...1917 -11.22 -0.98. 
692 +16,21 +15,13 -12.37 +1.76 
689 +14,04 +13,83 -9,75 +1.92 
673L +10.76 +14.2 6 -8.92 +1,36 
682 +1022. +15,41 -12,26 +5,qo 
668 +1178 +15,25 -10,91 +2,30 
689 +12,16 +15,36 -12,L0 +2,68 
.678 +10.50 +.19,L -14.92 +0.74 
674 +11.86 +1758 -1366 +0,60 
6851 +122 .+12. -11i +1,78 
660 +12,3S +13.89 -li,66 _-0.i5 
688 j +8,98 4-1540 -8,76 +1.62 
-567 0,86 +2857 -7 8 
Total I5,028 16,770 17,581 18,374 19,035 181,412 17,447 17,727 +11.59 +13.51 -8.34j +160 
4­
SUIBJZECT: ROGER GEfCK]i 
Position Per Cent Change between Tests
 
of A B C D E F G H' 
Section 7/14/69 8/8/69 9/15/69 10/14/69 11/26/69 12/17/69 2/9/70 3/18/70 A oB Bt oG G'to H 
Proximal End
 
of the
 
Phalanx 922 936 1082, 1082 1143 1,076 .1062 , 1196 ,+1-;2 + 2 ,11 -7.09 +12.62 
_ I mm up. 7,52 __U8 937 921L 984 977 889 -. 103.2 +12J76 .+16,04 -9,65 +16,08 
_-2 mm up 687 7S6 8o8 852i 883ii 834 744 - 921 +10.04 +16 80 -IS.74 +23_.79 
Mmp-66 683 4 8A4 788 718 883 +2. S -+22.25 -14.01 22.8_
 
_.4 mm uD 647 688 7;4! 7q3 76q. 746 674 833 +6.34 +1j.77 ~12.3q +23.;9 ­
__5.82 74o +14.q6 +20,00
5 mm u __ ___ -- __7f;; 7q8 784 700 84o +4.60 -10.71 
.6m p673 763 7L. 832 828 771 _ 726 846 +1±3,37L 8.2 -12.32 +16.53 
7 mm uD 685 761 791__gJ 8421 84o .775 749._ 853 +11.09 +10,-IO3-8 '-10,83 +13-88 
____8 p 687 750 782 8601 a42 .. 785 763 879 +9,17 +12,27 -q.38 +1._!5,_20 
9 mm up 722 761 ____19_L! 863: 863 803 881 ._+5.4o "134 +1ll,80.788 8,69 

.10 mrn up 702 .74s 798 85o. 847 795 775 +'1- -8,50 +12. 2­872 ,69 

__ l m 66o 757 7N0 821 824, 787 768 86.8 +14.70 +8.8 -6.8o +13.02 
_-_L2 .nM p_ 6S2 683 M5 80;! 810 769 740 806 +4,7q +18.sc) -864 +8.92­
13 mm up 68 667 749 792 _ 802 749 ___25 825- +__LFA54 +20.24 -9.60 L7 
-14 mm up- 66q2 _ 8g7_.__75791 .- zb -3_-L3-2 +1.94 +1.62 __+a08_ 4-8 
1.5 mm uo 673 .. 697 742 815 782 754 731 843 +_j3.5_ +12,20 -6i 2 +1 ,32 
16 mm up. 672 __ 7_27 __ LL'I__ 81 __ 19 767 764 833 _ .8__26±.67 +9,03 
- 17 !Em .p 6uR 2 8o-b 878 26.. ...761 840 +8 49 +13,74 -a.99 +1Q,38 _6 7 4 

18 mm uo 627 .60b.- i _773- 803 ..84 _ _ 77_ . . 765 8q2 + 10.6 9 +21.76 ! -q.47 +11.37 
19 mm Uo 72 M5 770 803 756 7451 828 +8,.84 +14.39 -7.22 +11.14 
-20 mm up 6] 79 74]. 787 -8 - 731 73b 830 +12.87 +1 8.64 +13o7O. ... -14.42 

-_21 nmm 667E74 7 4 2 722 848 +1262 +1972. -. 45 +17,4S
 
22mo689 0 720 736 780 678 698 797 +1.7J4 +11.27 -1.5 +14,16
 
2.3 mm uLID 6,17 69 ... 700 .i21 775 666 69)1 746 +0,44 +12,32 -10A4 .+2.96. 
'Total 16303 ;7 5 51 8 7 9 [ 19,7 59 20,190 18765 8, 4 20 I+ .6 I5 14' -10.03 +1-4.42 
T
A B L.EXVI 
CHNE J ,. OF BElf BM. PHAL.NX 4-2 IN TER.I..O INTEGRATORMW.LEL.ECTON 
Per Cent Change between Tests
ofition
ofA 
 B CDE FGH
 
... 71/6. 8//69 9/15/69 I0/14169 11/26/69 12/17/69 2/9/70 3/18/70 .A to B 5 to E E to G G to H
Section 

Proximal' End ..
 
of Lhe
 
. Phalan'x _ 43 ___ic36 5]0 1122 1037 ]_
9.__ .. .. 1155 119.2 . 1202 +9 86 +15.06 -1300 +_  dL ­
1Mm upD 903. 1010 +14,8j@_.5 I 827 7. 1068 1063 936 1075 +9,19 +17,72 -11,95 
2 mm 1,1 73"78 3 9 981 980, 927 858 ,9,-68 +1102 +,17 ,; -12,4 +12 82 
___3_.nim Lip3 701 795. - _852L 935 942 871 820 q14 +13,41 +18,49 -12.95 +1 1,46 
4 mm Lip 693 799 82q 927 930 849) 846 91j6 +js30 +164o "903 +82.7 
-6.85 .. 918 . -7.7s _ +8, 6_...4 mm uR .. - ,.__.L83.- 8q12___.161__ 1 845, +15j18 +16.10 
6 mmD p 710 8-2a. 86o 922 9 7; 876 866i 942 +16.,34 +13 33 1 -7.38-8 7 
7 mm Lao 713 830 84-.0 921 940 88.s 867 947 +16,4].. +13-2q -7.76 +9,23 
8 mm u,:: 7o4 ____L22_ 87p §/19 C921 889 971 948 +17 47 +1 1.37 -5 43 , 84 ­
mmLip 741 _ ' 923 884 893 42 +-11,74 +14,98 .749828 __827 9S2 ... ,9 -6.20 

10 mm LIO 731 832 1 868 '-1 3 953 882 ___ 83 946 _+]_L.82 +14.5L -7.34 +7 13 
11 mm uLf1 720 80],oj 85A __ __ 3_ 910 863 8g] 913 +11.25 +13.61 -6,L18 +7,28­
12 mm-Li 715i 783 8c;3 899 912l 8q2 855q 901 +9.51 +16.48 -6.2S +5.38 
13 mim Li - 703 782 84o 87y8, 836 ' 839. 893 +11,4+,;,8 i -6.36 . +6.44 
14 mqmIP 709 -0-3 381 B 4 906 825 825 907 +13 4o +12,69 -8 94 -.- ±9 94 
_ ~ 7"J l_4~~~~ -,8,6,0 _ .... +. 0~ ~ 791 qO.5 _ _I.. 82 q_ + ,k.a9 +.1 .9 "4j5 

J mmtp710 779 8L4 891B ......92l 821 86q ,91.2 +q.722. +18M2 -g.6g +4..9q
 
17 mm un 706 77.0 .841 887 904 824 804 897 _+,06_ +17,.4o -11.06 +11,.57
 
1 -rmup_ 7472- L88., . 2 , 8W1 ........ -I_8.,_... -,11 j 9.9,,.1,-.4+2,75 -1 ,0 ,.
667 __._ . , ..,.+ 

,.-- ._.2_ ..__,.8.& . 86"1 77684, 839 +16. 12 +1.3 _9] +7,01
 
20 mmT tic) ,;95 713 , 7731 837,,__47337L 816 .,+19,83 .+17,51 -1,8 +9
 
21m , ;67 837 179,1 78 
 , 9 59.. .80 +2 ,6 
 + . 7 - .8 +2,77
 
__22_ o... 7 -6 0 7 773 , 695 1 7911 2 .9 .. ] 6 -6.4 .' +4 0_ 
Total 16,196 18,344 :i512 20,921 21,243 19,608 19,451 21,12 ILF32I+58 84 85
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Multiple Sections of Hand Phalanx 5/2
 
for the Second Group of Men
 
in the Investigation
 
The second group of men taking part in the study which is being re­
ported had a short initial period before they were placed on a test. There 
were minor changes in some of the. bone density values during this period. 
The values in the initial pre-testing period are shown below for the hand 
phalanx 5/2. 
Hand Phalanx 5/2, Initial Ambulatory Period. For the short interval 
of the initial period, changes in bone density were minor with the second 
group of men in the study. The following represents the bone density 
changes in phalanx 5/2, the second phalanx in the little finger: 
Bone Density Change 
Table Subjec t (per cent) 
XXII Wils on -5.57 
XXIII Giebk +6.89 
XXIV Graham +1.16 
Hand Phalanx 5/2, First 12-Wreek Bed Rest. During the first 12­
week bed rest, all three men of this second gioup of subjects were given 
a phosphate supplement. in spite of the favorable bone density response 
to this treatment which was noted in certain other anatomic areas, the hand 
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phalanx 5/2 was irregular in the direction of the bone density changes in 
the three men of this group as shown below: 
Bone Density Change 
Table Subjec Phosphate (per cent) 
rII Wilson yes -1.22 
XXIII Gieck yes -2.95 
XXIV Graham yes +2.16 
Hand Phalanx 5/2, Second 12-Week Bed Rest. Again phalanx 5/2 
showed no conformity in the way in which it performed with respect to bone 
density change during the second bed rest, when no phosphate supplemen­
tation and no exercise was included in the program. As has been empha­
sized, this borie site differs according to numerous factors related to its 
behavior, with differences in the diet or the type of activity for which each 
subject is responsible. The bone density changes in this case have been 
the following: 
Bone Density Change 
Table Subject Phosphate (per cent) 
XXII Wilson no +1.95 
XXIII Gieck no +2.12 
XXiV Graham no -14.68 
Hand Phalanx 5/2, Final Measured Results during Ambulation. 
lhen the portion of reambulation was measured radiographically following 
'4
 
the last bed rest for this second experimental group, again there was no 
conformity among the men, either concerning direction or a mount of bone 
density change in this particular bone, as shown in this brief summary: 
Table Subject Change in Bone Densityduring the last Measured 
Ambulatory Period 
(per cent) 
XII Wilson +0.70 
XXIII Gieck +2.16
 
XXI-V Graha m +10.10
 
I ABLE XLL
 
IN JMS aINTEGRATO 
COUNTS. D NGatUn BE. REST PHASE atTHL PROJECT 
CHANGES MLI IUTLE SEC IONS OF HA PHALANX S 7_ 
sURJEflJ.: BILE WILSON 
Position Per Cent Change between Tests
 
of .A B C D E F G H
 
Section 5/7/69 6/3/69 7/14/69 8/8/69 9/15/69 10/14/69 11/26/69 12117/69 A to B B to E E to G G to H
 
Proximal End
 
of the 
Phalanx 846 80"1. 8q1 806 7_......819 80_ 818 ,-S-.08 +1,77 +1_'.49 

* mm D , 731. 666 690 705 .70 , 675 694 "7.3q .+4, 14 -4,26 +2,8i 
2 rpm un 651 607 562 628 616 631 ;831 382 -6.76 +1 48 -s.36 -0.17 
3 mm up 604 557 53.6 .;36 571 . 36 .SU S52 562 -7.78 3.77., +4,85 o,00
 
4 mM LI ) ,, 54,. 545 579 31 ,76 5621* 7l -8,/4] -2,21 .+s84 +i 60 
5 mm un ;64 ,28 1 55 ,, 5G 1 ;26 ;70 q42! 4c0 -638 -038 1,+3,04 -9.59 
6 mm uo 521 507. 	 521 529 515 i35 512, 491 -2.69 +1.58 -0.58_ ­
mm ti 501 485 50j1 51L 476 ;11 492.- 496 -3,19 -1,86 +3.36 +081 
8 mm in 480 459 461 0 4W 474 468 46o -4,38 +0.44 +1.52 -1,71 
9 mm LID. 463 43j 437 46.7 427 466 L54 441 . -5,.18 .- 7j +6,32 -286 
10 mm tio 449 429 	 42& 459 456 _-_90 , -4.45 ~-1J7 +3,07 +12J3424 	 437
1. mm uo 496 454 46. 479 450 488 46o 476 -0.44 -0,88 +2,22 +3.48 
12 	 mm uo 501 479 482 1 525 468 523 51 488 .3q -230 -363 ,+820 
38 -4.38 i64 1 +7.00.J13 mm u8 	 502 508 ... 0 '480. 2. 500-
m 54__4 5 5S31 -4.06 -0.38 
15 mm tio 569 5521 570 8.98 524 26 480 -2,9z5,07 -613.67 
16 rn LA403 _438 39 42514411 4so -12.96 .Lqi +11.65 .±_+0?.l4 
14 m n .566 	 568 583 568 -t,84 +6,97
 
mm46 	 442 

Total 9,496 8,967 9,030. 9,416 8,858 9,485 9,031 9,094 -5.57 
 1.22 +1.95 :FO.70
 
'b\ 
T AB LE XX I I 
£CIANGES. JA L lILE §i-IJQONZ E BAND EiAtJX 5-2.JJU TERMi O.F INTFEGRATOR 
& a ElECOUNTS LRING TIE MitLAS.E -E P&JECT 
Position Per Cent Change between Tests
 
of A B C D E F G H
 
Section 17/14/69 8/8/69 9/15/69 10/14/69 11/26/69 12/17/69 2/9/70 3/18/70 A to B B to E E to G G to H
 
Proximal End 
of the 
PhZ anx 2 3& S82 S38 8l6 2 11 888- U8 +±l.Q -8.45 +7 0 o00 
I mm uo -,. UL&__68$.6 870 739 __ - M2_ - 71_7_ 72U _I3__+S2 q _.__.72 5L +.. 
2 mm unP 621 23. j57 618 6 2.7 583 638 +11,09 -0,48 -5.66 __...3_ 
3 mm oR 529 . 5_Q Q 553 52 - s7j6 596 +a,64 -4,66 __+4,16 
4 mmj - 2 _52. __7Z __.3.532 4 . 5.86 -_5L_ 613 +10.02 +1.72 -4.22 ,J,1­
5 n-Im un .98 5876 61q +7o[2 -1.19 0. -0 .__L48.A
6 mm up .577 11 700 6 r87 604 -605 628 _ +5.9 -3, 3 +3.07 -3.80 
F 7 mm u a 605 721 6.20 5_94 598 609 611 +3.60 '-1.82 +2443584 +M_ 
+_ tnal +L +2.08
_ 8,mlL .jP __.L 7 _7.3 6 D39 624 637 
. .. _s. .  2. 7_±Zk L603 6Q+
U31 42q. s87
33L5-._ 62s
9 mm up 

10 mm f 57 722 57J78L 616 _ +1,73
U-up 619 587 +4.19 i tL91 
mmfl un 4 57; 710 608 q70 98 578 66 70 -0 87 +1,40 +48 
,2m up 568- 6M ,.678 613. 57g 581 ;;q . 8q +6.16 -3q8 -4.1 + 41 
13 m Up 553 -..E _ 666 62_5 586 6o. 595 611 +.013 -3.78 +1,54 1 2t__ 
14 mm uo 5q2 682 612 635 _61L 631 +5.24 -1.77 +2,62.98__ +2j1_.0±06623 641 -­6 Q L-- --6 6620 +.68 __ 3A3 -I S RIM LP 599 62 
16Am uo 617 646 698 03 632 647 710 663 +4,20 -2.7 +12.34 %662 
17mn up 620 627 668 629 638 647 682 631 +1,13 +1.75 +6,90 -. 8__ 
6Total !1,400 13,038 11,724 11,377 11,543 -2.95 +2.16i01 05 11,064 11,299 +6.89 +2.12 
q­
TLA.BL E X.XLIJV 
£nAV&Ei J-U MLI~PE5& U £UN G-2LNI2 EMSUi .LNLEflBAI2R~f PALANX 
COUINTS DUIING2 lIi BM BM PHASE PROJECTi OF YIJL 
SUBJ.: GRAT .-. O 

Position 
-Per Cent Change between Tests

of A B C D E F G H " 
Section 7/14/69 8/869 9/15/69 10/14/69 11/26/69 12/17/69 2/9/70 3/1870 A to B B to E E to G G to H
 
Proximal End
 
of the
 
Phalanx L 83± 801 809 811 821 785 69o 781 +2.30 +2.50 -15.56 +19._
 
I mm Up .14745 -SO 75j 766 739 633 754 +4.34 +2,82 -17,36 +19.12
 
nrmuo 643 677 _ 61 658 673 . 62I 6_ 2oq9__ -200 +?L$. 
3 Mm up 612 626 62S 18- 579 -,4 -15.24 +10,71.... _6_2 617 523 +2,29 4 
4 mm uo 611 617 612 __61I_ 623 6o4 ;2 2 +0.98 +0.97 -16.37 _±95_ 
5 mm up 604 g83 ;96 61o 600 527 56s -2.48 +3.56 -13.61 .2..,L 
6 mm UP .... 601 58i.. s6 602 _615 612 532_ 50 -2,33 +4,77 -13.50 +3.38
 
612 592 94 ,6Q2 _ __ 602 . 31 570 -3.27 +9.74 -15.18 +7.14 
8 mm uo .. , 5390 591 5 622 588 33 565 - +5.42 -14.31 +6.00 
.m Up . 285 6505 78 6 - -20 -14. 7 25392 a8 q 05._5 20-_-o__-_ +83 7 W 

10 mm ur 572 576 3 589 582 55L 513 556 +0.70 +1.04 -11.86 +8.38
 
11 mmu 7..78 . 2 -.
547 . 75 586 1 67 q74 +;.67 +1.38 0o,41 +__±_ 
12 mm uo 542 S63 566 554 _ 83 q41 495. 55S4 +3.87 +,j5 -15.09 +11.92 
13 mm up .550 560 ...582 566 62 .539 480 542 +182 +07 -14 ,_2.2
-p- 562 s63 ;68 +2,74 +-10 .CJ2_0 _!.9mmUS47 s8_5____5.3___._56 
 fmin v6 2 -E,&227 
15 mm up 571 5i 590 - .8 .72aq64 496 538 +1i75 ..0,2 -1k,19 -­8.47
 
16 mm uo 536 545j 542 546 553 53jjjj 5221 +1.68 +1_47-LI&. +6.92_ 
Tota'l 10,250 10,369 10,426 10,410 10,593 10,221 9,038 9,951 +1.16 +2.16 -1468 + 
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Section of the Distal Radius
 
for the Second Group
 
of Men in the Investigation
 
Section of Distal End of Radius, Initial Ambulatory Period. For all 
the second group of experimental subjects, gains were made in the bone 
density of the distal end of the radius while they were ambulatory, before 
the first bed rest began. The following summary shows the changes in 
the three men: 
Bone Density Change 
Table Subject (per cent) 
XYVI Wilson +4.33 
XXVI Gieck +8.64 
MVI Graham +5.13 
Section at Distal End of Radius, First 12-Week Bed Rest. The one 
section which was evaluated across the distal end of the radius did not 
show consistent changes in hone density during the first 12-week bed 
rest of the second group of three men, as follows: 
Bone Density Change 
Table Subject Phosphate (per cent) 
xxVI Wilson yes +3.30 
XXVI Gieck yes -1.97 
XXVI Graham yes -9.73 
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SecIIon of Distal End of .adius, Second 12-Week Bed Rest. A in 
the case of the first bed rest of this series when phosphate supplementa­
tion was not given, the bone density of a section which was canned 
across the gjecond 12-week bed rest of the series was not consistent in 
bone density changes as seen below: 
Bone Density Change 
Table Subject Phosphate (per cent) 
XXVJ Wilson no -6.32 
>2VI Gieck no -1.24 
>2W Graham no -2.07 
Sect Ion of Distal End of Radius, Final Ambulatory Period. Ambula 
tion frequently is not conducive to increases in bone density in the distal 
end of the ridius, Our studies show that exercise of a type which effect 
ates muscular pull on the specific bone in question is the chief method 
of increasing bone density, as was shown in the work of Trueta1 ,2 and 
associates. See summary which follows: 
Change in Bone Density 
During the Final Ambulatory 
Table Subject Period 
(per cent) 
xXVl Vilson +7.62 
XXVi Gieck +7.07 
XXVI Graham +13.96 
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Section of the Distal Ulna 
for the. Second Group 
of Men in the Investigation 
Section of Distal End of Ulna, Initial Ambulatory Period. The 
brief summary which follows shows that all three men in this part of the 
study gained to some extent in bone density of a section in the distal end 
of the ulna during the initial period., before the three men of this part of 
the study engaged in their first bed rest, This is shown in the following 
brief summary: 
Bone Density Change 
Table Subject (per cent) 
XXVI Wilson +4.50 
XXVI Gieck +10.94 
XXVI Grahsm +1.09 
Section of Distal End of Ulna First 12-Areek Bed Rest. The data 
given below concerning the changes in bone density during this bed rest 
illustrate the fact that the lower arm makes no consistent gains or losses 
in bone density when a subject is ambulatory, unless he is exercising 
his lower arms in a consistent manner, 
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Bone Density Change 
Table Subjec Phosphate (per cent) 
XXVI Wilson yes -3.17 
K-XVI Gieck yes +1.70 
XVI Gra ha m yes -10.33 
Section of Distal End of Ulna, Second 12-Week Bed Rest. During 
the second 12-week bed rest, when neither phosphate supplementation 
nor exercise were included in the bed rest program, the bone density 
changes in the distal end of the ulna showed extreme inconsistency, as 
in the case with the distal radius . See below. 
Bone Density Change 
Table Subject Phosphate (per cent) 
XXVI Wilson no -6.32 
XXVI Gieck no -4.15 
XXVI Graham no -2.29 
Section of Distal End of Ulna, Final Ambulatory Period. Undoubt­
edly none of the three subjects of this part of the investigation used his 
arms in a consistent manner throughout the study, or bone density changes 
would have been made in a consistent manner. Even when the men were 
no longer at bed rest, the lower ulna ]ost small amounts of bone density 
in two men, and gained appreciabiy in the third. See the following sum­
mary: 
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Change in Bone Dt{:,gty 
During the Final Amb'Yjiu,torj 
Table Subject Period 
(per cent) 
XXVI Wilson "+9.03 
XXVI Gieck q-3.64 
XXVI Graham +6.25 
Changes in the Capitate for the Second
 
Group of Men in the Investigation
 
Throughout most of the radiographic measurements made In the 
bones of the hands and wrists of the men in this investigation, there was 
little consistency in the behavior of the bone density in the resp,;ctive 
bones which were investigated. It is unfortunate that a record wJs not 
maintained for the motions of various parts of the body during bed Test 
and for the arm and hand activity, and the amount of walking during arnbu 
lation. 
The bone density changes in the capitate during bed rest ijnd am­
bulation are summarized briefly below. This matter will be cons,ered 
further in the discussion which follows this section of the report, 
Section of Capitate, Initial Ambulatory Period. Note: Al) of the 
following data come from Table XXVI. 
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Initi41 Ambulatory Period 
Subject 
Wilson 
iBone Density Change 
(per cent) 
-0.19 
Gieck +8.36 
Graham +15.56 
First 12-Week Bed Rest 
Subject 
Wilson 
Phosphate 
yes 
Bone Density Change 
(per cent) 
+7.34 
Giebk yes -6.56 
Graharm yes -13.04 
Second 12-Week Bed Rest 
Subject 
Wilson 
Phosphate 
no 
Bone Density Chai±j 
(per cent) 
-8.54 
Gieck no -1.83 
.Graham no -2.41 
Final Ambulatory Period 
Subject 
Wilson 
Change in Bone Density 
During the Final Ambulatory 
Period 
(per cent) 
+10.35 
Gieck +6.20 
Graham +13.16 
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DISCUSSION AND SUMMARY 
It ha2 been noted that, because of the fact that men taking part in 
this project (c-ntered at different times, 5nd because of the further fact 
that the TWU team radiographed all of the men who were engaged in any 
aspect of the investigation each time they went to San Francisco, the be­
ginning and Lie end of different aspects cf bed rest units sometimes did 
not coincide with the first and last x-ray which is listed as marking the 
extent of cert,ain bed rest periods-
SUMMARY I_ 
Diagrn m I and the succeeding Diagrams show the times when the 
radiographs were taken for the designated men in reference to the Bed Rest 
Periods in which they engaged, together with their changes in bone den­
sity. 
Changes in Bone Density of Multiple Sections 
of the Os Calcis Resulting from Exercise 
A. Group with an Exercise Program during a Long Bed Rest. Only 
three men enQjged in programmed exercise during a 12-week Bed Rest. 
In this situation outlined in Summary!, all three participants experienced 
modest gains In the total sections of the os calcis, ranging from +2.10 
to +7 .]0 per cent. 
B. Group which did not Exercise. When the same men did not 
perform exercise while they were recumbent in a Bed Rest of the same 
duration, they lost in bone density in percentages covering a relatively 
large range (from -1 .44 to -21.67). See Summary I. 
Changes in Bone Density of Multiple Sections 
of the Os Calcis from Addition of a Phosphate 
Supplement to the Diet 
C. Group Receiving a Phosphate Supplement during a Bed Rest 
Period. Five men received a phosphate supplement during a 12-week 
Bed Rest, while one received this supplement during a period of one-half 
the duration. Four of the men experienced gains in the multiple section 
of the os calcis in percentage changes in the bone under discussion 
ranging from +0.58 to +8.86. One man receiving this phosphate supple­
ment during the longer period had a low negative bone density change of 
-1.53 percent. 
The one man who received a phosphate supplement during the 
shorter Bed Rest.Period had a positive os calcis bone density change of 
+2.07 per cent. 
D. Same Group as C who did not Receive a Phosphate Supple­
ment. The same men as in Section C took part in this phase of the study 
with no phosphate supplement, merely continuing with the Bed Rest. The 
f-ed Rest itself was the overriding factor, with negative changes in bone 
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density throughout. The changes ranged from -4.94 to -16.55 per cent for 
the five men on the longer Bed Rest Periods, with the one man on the shorte 
Bed Rest losing 4.09 per cent. It must be remembered that the changes in 
bone density mentioned in Diagram I and Summary I, as in the remaining 
Diagrams and Summaries, relate to what happened from the beginning to 
the close of the Bed Rest Period under consideration. 
E. Changes in Bone Density of Multiple Sections 
of the Os Calcis from Ambulation 
A few of the subjects who took part in this study ambulated a short 
time before they went into a Bed Rest; but after they had received their 
first x-ray. There were three men in this category, as well as eight who 
had short periods of ambulation after the close of their last Bed Rest, with 
at least one radiograph made after they had re-ambulated. 
Of the three men who had had a brief initial period of ambulation, 
all made small bone density gains (from 3.71 to 13.72 per cent). 
Of the eight men who had at least a short period of final ambula­
tion, gains in bone density of the overall multiple sections of the os cal­
cis ranged from -0.99 to +26.34 per cent gain in comparison with the last 
radiograph made after their'final Bed Rest Experience. See Diagrams I ­
1, 2, 3, 4, 5, 6, 7, 8 for Bone Density Graphs. 
SU 14 M A R Y I 
FEFECT OF EXERCISE AND PHOSPHATE DURING EEfLRESLQON
 
BONE DENSITY 2lE MULTIPLE QS. CALLUL SECTIONS
 
A. ExercLse
 
Change in
 
Bone Density
 
Bratcher (1st 12-week Bed Rest, A - C) .......... +2.33
 
Diaz (Ist 12-week Bed Rest, A - C) .............. +2.10
 
McNeil (Ist 12-week Bed Rest, A - C) ............ +7.10
 
B. 	No Exercisf. -
Bratcher (2nd 12-week Bed Rest, C - E) .......... -1.44 
Diaz (2nd 12-week Bed Rest, C - E) .............. -21.67 
McNeil (2nd 12-week Bed Rest, C - E) ............ -4.09 
C. 	 Phoshate jupqoenent
 
Robinson (2nd 12-week Bed Rest, C - E) ............ +5.63
 
Kolb (2nd 12-week Bed Rest, C - E) .............. +0.58
 
Wilson (Ist 12-week Bed Rest, B - E) ............ +5.53
 
Gieck (1st 12-week Bed Rest, B - E) ............. -1.53
 
Graham (Ist 12-week Bed Rest, B - E) ............ +8.86
 
McNeil 	(Only 6-week Bed Rest with 
Phosphate, E - F) ....................... +2.07 
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j__A-t.L.-2a L, CONTINUED 
EFECT OF EXERCISE AND PHOSPHATE D!JBI1NQ RED L131 ON. 
-OFfDENnS_]Ix. E Hil DS cA:P-L i. SECTOIN
 
D. Na 	 PIbQSP-hfLt LU2ae e-[I 
Change in
 
Bone Density
 
aPer
Cest) 
Robinson (Ist 12-week Bed Rest, A - C)..............-5.97 
Kolb (Ist 12-week Bed Rest, A - C).............. -4.94 
Wilson (2nd 12-week Bed Rest, E - C)............. -7.63 
Gieck (2nd 12-week Bed Rest, E - G)............. -5.95
 
Graham (2nd 12-week Bed Rest, E - G) ............ -16.55
 
McNeil 	(Same as B above) ......................... -4.09
 
E. 	Ambulation 
Wilson (Initial Ambulation, A - B) .............. +3.71 
Gieck (Initial Ambulation, A B)............... +4.04
 
Graham (Initial Ambulation, A - B).............. +13.72
 
Robinson (Final Ambulation, F - H)...... ........ +3.41
 
Kolb (Final Ambulation, F - H)................. +3.70
 
Bratcher (Final Ambulation, E - F).............. +2.32
 
Diaz (Final Ambulation, E - F) .................... +26.34
 
McNeil 	(No Final Ambulation) ............. ...... 
 X
 
Wilson (Final Ambulation, G - H) ............... -0.99
 
Gieck (Final Ambulation, G - H)................. +18.11
 
Graham (Final Ambulation, G - H) ................ +13.50
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RANDALL ROBINSON
 
Multiple Sections
 
+35 Of 05 Co-lcIs
 
+30
 
t1 
< -0­
522 
1±I
-
10o 

-15-
U -20 
I- 25lED REST 
-2 BED REST- - BED REST WITH- - NO EXERCISE- AMBULATORY­
-3 NO EXERCISE PHOSPHATE SUPPLEMENT ORSUPPLEMENT 
U -30 
cc _35-Lii 
a­
2-1-69 3-28-69 5-7-69 6-3-69 7-14-69 8-8-69 9-15-69 101469 
A C D E F G i 
Diagram I - I 
Changes in Bone Density of the Multiple Os Calcis Sections of 
Robinson throughout his Participation in the Investigation. 
Per Cent Differences in Tables are Calculated from the Be­
-- ginning to the Close of a Bed Rest or other Period. 
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FRED KOLB
 
Multiple Secflons
 
Of 05 Calcls

- 35 

2-5 
I-

L S 
z -2
 
Li 
o -25 
() -3-
Li 3 BED 
"BED 
REST BED REST WITH 
REST 
NOEXERCISE AMBULATORY 
0-35 - 4OEXERC15E PHOSPHATESUPP.LEME on 
SUPPLEMENT 
2-1-69 3-28-69 5-7-69 6-3-69 7-14-69 8-8-69 9-15-69 10-14-69 
A . C 0 E F G H 
Diagram I - 2
 
Changes in Bone Density of the Multiple Os Calcis*Sections of
 
Kolb throughout his Participation in the Investigation.
 
Per Cent Differences in Tables are Calculated from the Be­
- ginning to the Close of a Bed Rest or other Pi~riod. 
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-35 
30 
.20 
FRED BRATCHER 
Multiple Sections 
Of Os Colcis 
< + I5C4j 
-J­
-05 
z -5 
I -20 
-25 
-
U 3 
5-
BE REST 
WITH EX RCISE 
BED REST 
NO EXERCISE 
AMIBULATORY 
CL 
2-1-69 328-69 5-7-69 6-3-69 7-14-69 8-8-69 9-15-69 1014-69 
A B C D E F 
Diagram I - 3 
Changes in Bone Density of the Multiple Os Calcis Sections of 
Bratcher throughout his Participation in the Investigation.
 
Per Cent Differences in Tables are Calculated from the Be­
ginning to the Close of a Bed Rest or other Period.
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ALFREDO DIAZ
 
Multiple Secijons
 
435 Of Os CoICis
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i-25 
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A B C D E F 
Diagram I - 4
 
Changes in Bone Density of the Multiple Os Calcis Sections of
 
Diaz throughout his Participation in the Investigation.
 
from the Be-
Per Cent Differences in Tables are Calculated 

ginning to the Close of a Bed Rest or other Period.
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GEORGE McNEIL 
MuIipIe S'fcions 
Of Os CaCs 
35 
tn43c) 
c­1- 425 
420 
+ 1 
(04 5, 
L 0 
W 
1-I­
U- 2 01- 25 
2 BED REST BED REST BED REST AMBULATORY 
WITH EXERCISE NO EXERCISE WITH 
PHOSPHATE 
- 35- SUPPLEMENT 
L­
2-1-69 3-28-69 5-7-69 6-3-69 7-14-69 8-8-69 9-15-69 10-14-69 
A B C D F 
Diagram I - 5 
Changes in Bone Density of the Multiple Os Calcis Sections of
 
McNeil throughout his Participation in the Investigation.
 
Per Cent Differences in Tables are Calculated from the Be­
ginning to 
the Close of a Bed Rest or other Period.
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ROBIE WILSON
 
Multiple Sections
 
Of Os Calcis
 
.35
 
-30 
S25 
1-2C(n 1510I0 
w
0-0 - 5. 
z
 
* 15. 
o--2 
z - 25 INITIAL BED REST WITH BED REST AMBULATORY 
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U -35 
L 
5-7-69 6-3-69 7-14-69 8-8-69 9-15-69 1041469 11-26-69 1217-69 
A B C D E F G H 
Diagram 1 6 
Changes in Bone Density of the Multiple Os Calcis Sections of
 
Wilson throughout his Participation in the Investigation.
 
Per Cent Differences in Tables are Calculated from the Be­
ginning to the Close of a Bed Rest or other Period.
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ROGER GIECK . 
Multiple Sections 
-35- Of Os Colds 
30
 
Ld
 
+ 25­
+'2C­
<( 
OI
 
_0- 51
 
- 0­I--2 
I 25 INITIAL BED REST WITH fBED REST AMBULATORY 
S3c PERIOD 
PHOSPHATE SUPPLEMENT NO PHOSPHATE SUPPLEMENT 
tU ­ 3 5 -
0- ' '2 7 4 -:0 
7-14-69 8--69 9-15-69 101469 11-26-69 12-17-69 2-9-70 3-18-70 
A B C D E F G H 
Diagram I - 7 
Changes in Bone Density of the Multiple 0s Calcis Sections of
 
Gieck throughout his Participation in the Investigation.
 
Per Cent Differences in Tables are Calculated from the Be­
ginning to the Close of a Bed Rest or other Period,
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JOHN GRAHAM
 
Mulilple Sections
 Of Os Colas
 
+.3
 
I­
0 
(010 
5L 
10 
4 - 20-
I-
BED REST WITH BED REST AMBULATORY 
Li PERIOD -PHOSPHATE SUPPLEMENT' N0 PHOSPHATE SUPPLEMENT
z -25 INITIAL 
u-3­0: - 30
bi 
7-14-69 88-69 9-15-69 0-1469 11-26-69 l2-17-69 2-9-70 3-18-70 
A B C D E F G H 
Diagram I - 8 
Changes in Bone Density of the Multiple Os Calcis Sections of 
Graham throughout his Participation in the Investigation. 
Per Cent Differences in Tables are Calculated from the Be­
- -ginning to the Close of-a-Bed Rest or other Period. 
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SUMMARY II 
Changes in Bone Density of Multiple Sections 
of Phalanx 4/2 Resuhing from Exercise 
A. Group with Exercise Program during a Bed Rest Period. As 
noted under Summary I, only three men took part in a 12-week Bed Rest 
who exercised while recumbent. In -chis Bed Rest all three participants 
gained in bone density, with changes of +900, +9.28, and +9.73 per 
cent, It has been shown in T.W.U. Bed Rest studies that hand phalanx 
4/2 tends to be actively involved in the use of the Exer-Genie, the exer­
ciser used in this Project, if the exercise is carried out according to the 
T.WU. program. See Diagrams II - 1 to 8. 
B. Same Group as A who did not Exercise. When the men in 
Group A did not engage in an exercise program, all had negative changes 
in bone density in a 12 -week Bed Rest, when little or no muscular pull or 
this bone took place, The bone density changes, all negative, ranged 
from -12.86 to -24.38 per cent. 
Changes in Bone Density of Multiple Sections 
of Phalanx /2 Resulting from Addition 
of a Phosphate Supplement to the Diet 
C. Group Receiving a Phosphate Supplement during a Bed Rest 
Period. Summary I has given the names of the four men who took part in 
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the longer Bed Rest when a phosphate supplement was included in the 
diet. One of the men gained less than one per cent in the multiple sec­
tions of hand phalanx 4/2, while others gained from +9.91 to +15.80 
per cent. 
The one man who received phosphate in the shorter Bed Rest lost 
less than one per cent during this period. 
D. Same Group as C who did not Receive a Phosphate Supple­
ment. The same men continued with another 12-week Bed Rest, with no 
phosphate supplement and no exercise. All subjects experienced further 
decreases in bone density in hand phalanx 4/2, with values ranging from 
-3.53 to -10.78 per cent. 
E. Changes in Multiple Sections of Hand Phalanx 4/2 
from Ambulation 
As mentioned in the previous Summary, three men engaged in a 
short period of ambulation before they took -part in the investigation proper. 
These men increased somewhat in bone density of the second phalanx in 
the fourth finger (from +7.56 to +13.26 per cent). The seven men who re­
ambulated with a final radiograph after their period of ambulation gained 
in bone density in this bone in percentages ranging from +1.60 per cent 
to +24.34 per cent. Unfortunately the exercise in the fingers during this 
period was not recorded. 
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One man, who left on the date when he was booked to take a final 
x-ray, made it impossible to compute the change he had made in his final 
ambulation. 
S U MMA R Y L 
.O_EEXERCISE AND PHOSPHATE DURING _D_ REST QPA 
ROEO DENSITY F MULTIPLE STIJTL 2E tRX 4/2 
-IEEf 

A. 	Exercise
 
Change in
 
Bone Density
 
(rer (ent. 
Bratcher (1st 12-week Bed Rest, A - C) ...... 9.0O 
Diaz (Ist 12-week Bed Rest, A - C) ............. +9.73 
McNeil (Ist 12-week Bed Rest, A - C) ........... +9.28
 
B. 	 o Exercise 
Bratcher (2nd 12-week Bed Rest, C - E) ......... -24.38 
Diaz (2nd 12-week Bed Rest, C - E) .............. -20.03
 
McNeil (2nd 12-week Bed Rest, C - E) ........... -12.86
 
C. PEbhafl SuoIlement 
Robinson (2nd 12-week Bed Rest, C - E) ......... +0.17
 
Kolb (2nd 12-week Bed Rest, C - E) ............. +9.91
 
Wilson (1st 12-week Bed Rest, B - E) ........... +13.51
 
Gieck (1st 12-week Bed Rest, B - E) ............ +15.14
 
Graham (ist 12 week Bed Rest, B - E) ........... +15.80
 
McNeil (Only 6-week Bed Rest with
 
Phosphate, E - F)...................... -0.12
 
LIUJ..kLLLAZ2. L.J,,CONTINUED 
EFFEOF EXERCISE D OSPHAT AI LIdE BFS .B__. ON 
UK1 flEii$.Y OF MULITIPL E §EIJ011 OF PHALA1JX 4/7 
D. 	tLa PhospoteQ SqqaLtmrnf 
Change in 
Bone Density 
(Per Cent)--

Robinson (Ist lZ-week Bed Rest, A - C) .......... -3.53
 
Kolb (1st 12 -week Bed Rest, A - C) .............. -10.78
 
Wilson (2nd 12-week Bed Rest, E - G) ............ -8.34
 
Gieck (2nd 12-week Bed Rest, E - G) ............. -10.03
 
Graham (2nd 12-week Bed Rest, E - G) ............ -8.44
 
McNeil (Same as B above) ......................... .- 12.86
 
E. Ambulation 
Wilson (Initial Ambulation, A - B) .............. +11.59
 
Gieck (Initial Ambulation, A - B) .............
: +7.56
 
Graham (Initial Ambulation, A - B) .............. +13.26-

Robinson (Final Ambulation, F - H) .............. +4.57
 
Kolb (Final Ambulation, F -'H) .................. +9.71
 
Bratcher (Final Ambulation, E F) .............. +18.43
 
Diaz (Final Ambulation, E - F) .................. +24.34
 
McNeil (No Final Ambulation) ..................... x
 
Wilson (Final Ambulation, G - H) ................ +1.60.
 
Gieck (Final Ambulation, G - H) ................. +14.42
 
Graham (Final Ambulation, G - H) .-.............. .- 8.58
 
SUMMARY III 
Changes in Bone Density of Multiple Sections 
of Phalanx 5/2 Resulting from Exercise 
A. Group with Exercise Program during a Bed Rest Period. As wit 
other parts of the anatomy, only three men exercised during a 12-week 
Bed Rest Period, as shown in Summary I. It has been seen in T.W.U. 
Exercise Programs conducted during Bed Rest Periods, that hand phalanx 
4/2 usually changes in bone density favorably, whereas this favorable 
response does not always appear universally in phalanx 5/2. Trials with 
the exerciser have shown that the second phalanx in the small finger is 
not involved in the exercise activity to the extent that is true of phalanx 
4/2, and hence the muscle pull on the two bones is not similar. This is 
shown in the outcome of this trial, in which two men had negative (-2.73 
and -6.33 per cent) and one had a positive change (+5.92 per cent) in 
bone density of this bone. 
B. Same Group as those who Exercised in Group A, did not Exer­
cise in Group B. Whereas they had mixed bone density results during 
the exercise period, they had uniform negative results rangirig from -3.4 
to -10.61 per cent when not exercising. 
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Changes in Bone Density of Multiple Sections
 
of Phalanx 5/2 Resulting from the Addition
 
.of a Phosphate Supplement to the Diet
 
C. Group Receiving a Phosphate Supplement during a Bed Rest 
Period. It is shown in Summary III that five men received the phosphate 
supplement during a 12-week Bed Rest, with one subject receiving it 
during the shorter Bed Rest. Of the five receiving this supplement during* 
the longer Bed Rest Period, four gained in bone density (t8.64, +6.63, 
+2.16, and +1.22 per cent), whereas the one on the shorter Bed Rest 
gained +4.11 per cent. 
D. Same Group as those who Received a Phosphate Supplement 
in Group C, did not get a Phosphate Supplement in Group D. With no 
phosphate supplement during this 12-week Bed Rest, four of the men ex­
perienced positive bone density changes ranging from +1.95 to +5.66 per 
cent in phalanx 5/2. One of these men had a change in the opposite 
direction (-14.68). 
The one man on the shorter Bed Rest made a bone density change 
of -3.45 per cent during this period with no phosphate supplement. 
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E. 	 Changes in Multiple Sections of Hand Phalanx 5/2 
during Ambulation 
According to Summary III, 10 men had participated in ambulation, 
three initially before the Bed Rest Periods began, and seven finally, 
when the T.W.U. team was able to take an initial and final radiograph. 
Most of the ambulation periods were short because, as has been stated, 
we did not travel to the Hospital in San Francisco except when subjects 
participating in Bed Rest projects were to be radiographed, never solely 
for subjects who were ambulating. 
Of the three men who underwent brief preliminary periods before 
they were placed in a Bed Rest, one changed +1,16 per cent in hand 
phalanx, one changed +6.89 per cent, and the third changed -5.57 per 
cent before they began participation in a bed rest 0 
Of the seven subjects who r-e-a ntulated to a certain extent after 
their final bed rest, all gained in bone density by values which ranged 
from +0.70 to +14.25 percent. See Diagrams II- 1, 2, 3, 4, 50 6, 7, 
8. 
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EEECI.LUf X-E-R QSjE AND. PIJQiEHAT. DURING BMD RESI ONI 
BLJN ENS=J 2E LiW P F 5.jf TjQS5 j EfALANX 5.l7-
A. Exe.rcse~
 
Change in
 
Bone Density
(LPer Cnt 
Bratcher (Ist 12-week Bed Rest, A - C) .......... +5.92 
Diaz (Ist 12-week Bed Rest, A - C) .............. -2.73 
McNeil (Ist 12-week Bed Rest, A C) ............ "6.33 
B. 	fl-g Exe-rcise 
Bratcher (2nd 12-week Bed Rest, C - E) .......... -10.61 
Diaz (2nd 12-week Bed Rest, C - E) .............. -9.26 
McNeil (2nd 12-week Bed Rest, C - E) ............. -3.45 
C. Phosnhata Suoolement 
Robinson (2nd 12-week Bed Rest, C - E) .......... 
Kolb (2nd 12-week Bed Rest, C - E) .............. +6.63 
Wilson (Ist 12-week Bed Rest. B - E) ............ +1.22 
Gieck (1st 12-week Bed Rest, B - E)................ -2.95 
Graham (Ist 12-week Bed Rest, B - E) ............ +2.16 
McNeil (Only 6-week Bed Rest with 
Phosphate. E - F) ....................... +4.11 
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..... . R Y IL_1._1, CONTINUED 
.LELLI. aE EXERCISE AD PHOSPHATF RUiLM BED RESETI N 
BQM U-~L.iL O LLLELE SaTOS DE iPd&LNf 5L2-
D. NL 	 PhosohatQ SupRlement
 
Change in
 
Bone Density

(Per Cent)
 
Robinson (Ist 12-week Bed Rest, A - C) .......... +5.66
 
Kolb (Ist 12-week Bed Rest, A - C) .............. +3.32
 
Wilson (2nd 12-week Bed Rest, E - G) ............ +1.95
 
Gieck (2nd 12-week Bed Rest, E - G) .............. +2.12
 
Graham (2nd 12-week Bed Rest, E - G) ............ -14.68
 
McNeil (Same as B above) ........................ -3.45
 
E. 	Ambulation
 
Wilson (Initial Ambulation, A - B) ............... -5.57
 
Gieck (Initial Ambulation, A - B) ............... +6.89
 
Graham (Initial Ambulation, A - B)............... +1.16
 
Robinson (Final Ambulation, F - H)............... +14.25
 
Kolb (Final Ambulation, F - H) .................. +6.50
 
Bratcher (Final Ambulation, E - F)............... +4.67
 
" Diaz (Final Ambulation, E - F) .................. +11.57
 
McNeil (No Final Ambulation ).................. X
 
Wilson (Final Ambulation, G - N) ................ +0.70
 
Gieck (Final Ambulation, G - H) .................. +2.16
 
Graham (Final Ambulation, G - H)................. +10.1.9
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Diagram II ­
in Bone Density of the Multiple Hand Phalanges 4-2 andChanges 

As in the Case of the Os Calcis
 5-2 Sections of Robinson. 

Sections, Per Cent Differences in Tables are Calculated from
 
Close of a Bed Rest or other Period.
the Beginning to the 
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Diagram 11 2
 
Changes in Bone Density of the Mltiple Hand Phalanges 4-2 and
 
5-2 Sections of Kolb. As in the Case of the Os Calcis Sec­
tions, Per Cent Differences in Tables are Calculated from
 
-the Beginning to the Close of a Bed Rest or other Period.
 
FRED BRATCHER 
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Diagram It - 3 
Changes in Bone Density of the Multiple Hand Phalanges 4-2 and 
5-2 Sections of Bratcher. As in the Case of the Os Calcis 
Sections, Per Cent Differences in Tables areCalculated from 
the Beginning to the Close of a Bed Rest or other Period.
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Multiple Sections
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Diagram 11 - 4 
Changes in Bone Density of the Multiple Hand Phalanges 4-2 and
 
5-2 Sections of Diaz. As in the Case of the Os Calcis Sec­
tions, Per Cent Differences in Tables are Calculated from
 
the Beginning to the Close of a Bed Rest or other Period.
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GEORGE McNEIL
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Diagram If 5
 
Changes in Bone Density of the Multiple Hand Phalanges 4-2 and
 
As in the Case of the Os Calcis
5-2 Sections of McNeil. 

Sections, Per Cent Differences in Tables are Calculated from
 
the Beginning to the Close of a Bed Rest or other Period.
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Diagram II - 6 
Changes in Bone Density of the Multiple Hand Phalanges 4-2 and 
5-2 Sections of Wilson. As in the Case of the Os Calcis
 
Sections, Per Cent Differences in Tables are Calculated from
 
the Beginning-'to the Close of a Bed Rest or other Period.
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Diagram 1I1 7
 
Changes in Bone Density of the Multiple Hand Phalanges 4-2 and
 
in the Case of the Os Calcis
5-2 Sections of Gieck. As 

Sections, Per Cent Differences in Tables are Calculated from
 
the Beginning to the Close of a Bed Rest or other Period.
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Changes in Bone Density of the Multiple Hand Phalanges 4-2 and
 
5-2 Sections of Graham. As in the Case of the Os Calcis
 
Sections, Per Cent Differences in Tables are Calculated from
 
the Beginning to the Close of a Bed Rest or. other Period.
 
SUMMARY IV-
Changes in Bone Density of a Section 
at the Distal End of the Radius Resulting 
from Exercise and a Dietary Supplement 
A. Group following an Exercise Program durin a Long Bed Rest. 
The three men who exercised during a 12-week Bed Rest Period all made 
positive changes in a section across the distal end of the radius, as fol­
lows: +2.12; +5.97; +6.48 per cent. 
B. Same Subjects as in Group A, who did not Engage in Exercise. 
The same men who had taken part in the exercise program of Group A 
changed to no exercise in a Bed Rest of the Mame duration. Two of the 
men lost in bone density, as would be expected (-6.01 and -8°74 per 
cent), while one made a slight gain (+3.60 per cent) in a section across 
the distal end of the radius. 
C. Group receiving a Phosphate Supplement during Bed Rest. 
Five men took part in a 12-week Bed Rest during which a phosphate sup­
plement was supplied in the daily diet. 
One man received the phosphate supplement during the shorter 
Bed Rest. 
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The men consuming the extra phosphate in the longer Bed Rest 
varied in the direction of the bone density change, with two increasing 
in bone density (+3.30, and +4.86 per cent), and three decreasing (-1.97, 
-7.33, and -9.73 per cent). The man on the shorter Bed Rest made a 
minor bone density gain (+2 .88 per- cent). 
D. Same Men as in Group C, who did not receive the Phosphate 
Supplement. The sane men as in Group C who did not receive phosphate 
supplementation were uniform ir. changing in bone density of the distal 
radius in the negative direction. The extent of the changes were the fol­
lowing: -1.24; -2.07; -4.88; -6.32; and -8.78 per cent, respectively. 
The one subject in the shorter Bed Rest made a minor gain in bone 
density during the "no Phosphate" period of +3.60 per cent. 
E. Changes in Section in the Distal Radius during Ambulation. 
Summary IV shows that 10 subjects received adequate radiographs to have 
sections of the distal radius computed with reference to possible bone 
density changes in the distal ends of the radius. 
All 10 men except one who left the study before the final x-ray 
was taken made positive changes in bone density in percentages ranging 
from +1.43 to +13.96 per cent. 
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SUMMARY JY_ 
EFECT 2E EXERCISE AND PHOSPHUATE DURIG~jf BED REST ON
 
POME DENS I TY DF RUA BAPJ.IS 
A. _xez esJci 
Change in
 
Bone Density

(PerCent)_
 
Bratcher (Ist 12-week Bed Rest, A - C) ......... +5.97
 
Diaz (Ist 12-week Bed Rest, A - C)............. +6.48
 
McNeil (Ist 12-week Bed Rest, A - C) ........... +2.12
 
B. 	 Nfl Exercise 
Bratcher (2nd 12-week Bed Rest, C - E) ......... -6.01 
Diaz (2nd 12-week Bed Rest, C - E) .............. -8.74 
McNeil (2nd 12-week Bed Rest, C - E) ........... +3.60 
C. 	Phosphate Suoplient
 
Robinson (2nd 12-week Bed Rest, C - E) ......... +4.86
 
Kolb (2nd 12mieek Bed Rest, C - E) ............. -7.33
 
Wilson (1st 12-week Bed Rest, B - E) ........... +3.30
 
Gieck (1st 12-week Bed Rest, B - E) ............ -1.97
 
-Graham (Ist 12-week Bed Rest, B - E) ........... -9.73 
McNeil (Only 6-week Bed Rest with 
Phosphate, E - F) ...................... +2.88 
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5 U M II A Y_ ILV, CONTINUED 
EEEQTL EXERCISE.AND PHOSPHATE QjIGB~jifED REST MN 
MAE RQEU$F.DE D I STAL BALIji 
D. Ea Phosohate Supipflmen
 
Change in
 
Bone Density
 
Robinson (Ist 12-week Bed Rest, A - C) ......... -4.88
 
Kolb (Ist 12-week Bed Rest, A - C) ............. -8.78
 
Wilson (2nd 12-week Bed Rest, E - G) ........... -6.32
 
Gieck (2nd 12-week Bed Rest, E - G)............ -. 24
 
Graham (2nd 12-week Bed Rest, E - G) ........... -2.07
 
McNeil (Same as B above) ....................... +3.60
 
E. Ambulation
 
Wilson (initial Ambulation, A - B) ............. .+4.33
 
Gieck (Initial Ambulation, A - B) .............. +8.64
 
Graham (Initial Ambulation, A - B) ............. +5.13
 
Robinson (Final Ambulation,- F - H) ............. +3.25
 
Kolb (Final Ambulation, F - H) .................. +9.83
 
Bratcher,(Final Ambulation, E - F)............. +3.27
 
Diaz, (Final Ambulation, E - F)................ +1.43
 
McNeil (No Final Ambulation) .................. X
 
Wilson (Final Ambulation, G - H)............... +7.62
 
Gieck (Final Ambulation, G - H) ................ +7.07
 
Graham (Final Ambulation, G - H)................ +13.96
 
SUMMARY V 
Changes in Bone Density of a Section 
of the Distal End of the Ulna, Resulting 
from Exercise and a Dietary Supplement 
A. Group following an Exercise Program during a Long Bed Rest. 
The three men who exercised during the 12-week Bed Rest during which 
exercise was taken while they were recumbent all gained in bone density 
during the Period, as was the case with the distal radius. The changes 
in bone density were: +2.00; +5.79; and +8.07 per cent, respectively. 
B. Same Subjects as in Group A, who did not engage in Exercise. 
Two of the men made negative changes in bone density in a section of 
the distal ulna when the exercise was changed to no exercise, -1 .82 
and -6.61, respectively. One man gained in bone density in this ana­
tomic site during this no-exercise period (+5.61 per cent). 
C. Group receiving a Phosphate Supplement during Bed Rest. As 
in other cases, in which various bones were evaluated, five men took 
part in a 12-week Bed Rest during which a phosphate supplement was pro­
vided. 
One man received the phosphate supplement during the shorter 
Bed Rest. The bone evaluated for skeletal density changes in Summary V 
was a section in the distal ulna. 
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In the case of the five men on the longer Bed Rest, three experi­
enced reductions in bone density ranging from -3.17 to -10.33 percent. 
Two increased in this factor by minor amounts, +2 .26 and +3.64 per­
centages . 
D. Same Men as in Group C, who received no Phosphate Supple­
ment. The same participants who were in the previous group, but who re­
ceived no phosphate supplementations, universally experienced reductions 
in bone density in amounts ranging from -1 .49 to -6.32 per cent. 
E. Changes in a Section of the Distal Ulna during Arribulation. 
Three men who had a brief initial period of ambulation before their first 
Bed Rest Period began increased in bone density of the distal ulna by 
values of +1.09, +4.50, and +10.94 per cent. 
The seven subjects w,,ho had a final ambulation period which was 
evaluated radiographically increased to different amounts ranging from 
+3.18 to +9.03 percent. 
101 
S UM MAR..Y V
 
EFFECTJQa EXERCISE AND PHOSPHATE DURING BED REST 9At 
BQNEDENLITY OF DISTAL ULNA 
A. 	 £xiaf-Cl 
Change in 
Bono Density 
(Per Cent) 
Bratcher (1st 12-week Bed Rest, A -	 -.
C) ........... +579
 
Diaz (Ist 12-week Bed Rest, A - C) ............... +8.07.
 
McNeil 	(1st 12-week Bed Rest, A - C) ............. +2.00
 
B. No 	 Exercise 
Bratcher (2nd 12-week Bed Rest, C - E) ........... -6.61
 
Diaz (2nd 12-week Bed Rest, C - E) ................ +5.61
 
McNeil (2nd 12-week Bed Rest, C - E) ............. -1.82
 
C. 	Pbosphpte SuDalement
 
Robinson (2nd 12-week Bed Rest, C - E) ........... +3.64
 
Kolb (2nd 12-week Bed Rest, C - E) ............... -6.74
 
Wilson (1st 12-week Bed Rest, B - E) ............. -3.17
 
Gieck (Ist 12-week Bed Rest, B - E) .............. +1.70
 
Graham (1st 12-week Bed Rest, B - E) ............. .10.33
 
McNeil 	(Only 6-week Bed Rest with
 
Phosphate, E - F)........................ +2.26
 
S U M MA R Y Y, CONTINUED 
EFECT flEt EXEa F AND PHOSPHATE DUILNG BED REST D 
BONE DENSITY OF DISTA L JLhA 
D. 	N Phosphate Suqplenen-t 
Change in 
Bone Density 
(Per Cent) 
Robinson (Ist 12-week Bed Rest, A - C) .......... -1.49 
Kolb (Ist 12-week Bed Rest, A - C) .............. -4.34 
Wilson (2nd 12-week Bed Rest, E G) ............. -6.32 
Gieck (2nd 12-week Bed Rest, E - G) I............. -4.15 
Graham (2nd 12-week Bed Rest, E - G)............ -2.29 
McNeil (Same as B above) ........................ -1.82 
E. 	Ambulation
 
Wilson (Initial Ambulation, A - B).............. +4.50
 
Gieck (Initial Ambulation, A - B).. ............. +10.94
 
Graham (Initial Ambulation, A - B)............... +1.09
 
Robinson (Final Ambulation, F - ) ............. +5.54
 
Kolb (Final Ambulation, F - H) .................. +5.08
 
Bratcher (Final Ambulation, E - F).............. +3.18
 
Diaz (Final Ambulation, E - F).................. +7.22
 
McNeil (No Final Ambulation) .................... 

Wilson (Final Ambulation, G - H)................ .
+9 03
 
Gieck (Final Ambulation, G - H).................. +3.64
 
Graham 	(Final Ambulation, G - H)................ +6.25
 
X 
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SUMMARY VI 
Changes in Bone Density of a Section 
across the Capitate Resulting from 
Exercise and a Dietary Supplement 
A. Group following an Exercise Program during a Long Bed Rest. 
The only three subjects who exercised during a long Bed Rest gained by 
relatively small amounts in the diagonal section across the capitate. 
The changes in the bone density of this bone for the three men were 
+1.12, +5.27, and 8.57 per cent, respectively.-
B. Same Subjects as in Group A who did not engage in Exercise 
in this Bed Rest. Two of the men in this non-exercise group experienced ­
negative bone density changes, -7.31 and -9.67 per cent, respectively. 
One man, who must have been flexing his wrist unduly, gained in bone 
density (+5.95 per cent). 
C. Phosphate Supplement Provided. The phosphate supplement 
provided for this group during this Bed Rest was received by five men 
during a 12-week and by one in a shorter Bed Rest. Of the five men, two 
made positive (+2 .92 and +7.34 per cent), while three made negative 
changes in bone density (-5.27, -6 .56, and -13.04 per cent). 
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The one man in the shorter Bed Rest while receiving the phosphate 
supplement changed in bone density to the extent of -4.69 per cent. 
D. Same Men as in. Group C, who did not receive the Phosphate 
Supplement. The same five men as in Group C who did not receive the 
phosphate supplement made negative changes in bone density in the sec­
tion of the capitate which was evaluated in all cases, with values ranging 
from -1.24 to -8.54 per cent. The one man who took part in the shorter 
Bed Rest made a gain in bone density of the capitate section of +5.95 per 
cent when no extra phosphate was provided. 
E. Changes in Section of the Capitate during Ambulation. Sum­
mary VI shows that three subjects had brief initial ambulatory periods, 
with changes in bone density of a section of the capitate made by these 
men of -0.19, +8.36, and +15.56, respectively. Seven men had brief 
final ambulatory tests computed, while one left the study before taking a 
final x-ray on the day when he was leaving the investigation. Of the par­
ticipants who had calculations made on their final ambulation periods for 
which radiographs were available for computations, all bone dehsity 
changes were positive, with the sevei men having changes in bone den­
sity ranging from +2.39 to +13.16 per cent. 
EFFETE EXERCISE ALa PHOSPHATE DURING BED REST ON 
BONE DSJN= QE DCAPITATE 
A. Exercis 
Bratcher (1st 12-week Bed Rest, A - C) .......... 
Diaz (1st 12-week Bed Rest, A - C) .............. 
McNeil (1st 12-week Bed Rest, A - C) ............ 
Change in 
Bone Density 
(Per Cent) 
+5.27 
+8.57 
+1.12 
B. No Exerci5e 
Bratcher (2nd 12-week Bed Rest, C - E) .......... 
Diaz (2nd 12-week Bed Rest, C - E) .............. 
McNeil (2nd 12-week Bed Rest, C - E) ............ 
-7.31 
-9.67 
+5.95 
C. Psate Supplement 
Robinson (2nd 12-week Bed Rest, C - E) .......... 
Kolb (2nd 12-week Bed Rest, C - E) .............. 
Wilson (Ist 12-week Bed Rest, B - E) ............ 
Gieck (Ist 12-week Bed Rest, B - E).............. 
Graham (Ist 12-week Bed Rest, B - E) ............ 
McNeil (Only 6-week Bed Rest with 
Phosphate, E - F) ....................... 
+2.92 
-5.27 
+7.34 
-6.56 
-13.04 
"4.69 
£ Ut 
S U M M A R Y VL, CONTINUED
 
EfEELfL OF EXERCISF AND PHOSPHATE DUJRIN BED REST Ol
 
BONE DENSITY OF CAPITATE 
D. NQ 	Phosohate SuoPlement 
Robinson (1st 12-%week Bed Rest, A - C)........... 

Kolb (Ist 12-week Bed Rest, A - C) .............. 

Wilson (2nd 12%.eek Bed Rest, E - G) ............ 

Gieck (2nd 12-week Bed Rest, E - G) ............. 

Graham (2nd 12-week Bed Rest, E - G) ............ 

McNeil 	(Same as B above) ........................ 

E. 	Ambulation
 
Wilson (Initial Ambulation, A - B) .............. 

Gieck (Initial Ambulation, A B) ............... 

Graham (Initial Ambulation, A - B) ................ 

Robinson (Final Ambulation, F - H) .............. 

Kolb (Final Ambulation, F - H) .................. 

Bratcher (Final Ambulation, E - F) .............. 

Diaz (Final Ambulation, E - F) .................. 

McNeil (No Final Ambulation) .................... 

Wilson (Final Ambulation, G - H)................. 

Gieck (Final Ambulation, G - H) .................. 

Graham (Final Ambulation, G - H) ................ 

Change in
 
Bone Density
 
(Per Cent)..
 
-1.24'
 
-6.61
 
-8.54
 
-1.83
 
-2.41
 
+5.95.
 
-0.19
 
+8.36
 
+15.56
 
+5.21
 
+7.32
 
+2.39
 
+8.19
 
X
 
+10.35
 
+6.20
 
+13.16
 
10,
 
OVERALL CHANGE IN BONE DENSITY
 
OF SPECIFIED BONES DURING THE
 
ENTIRE INVESTIGATION
 
It is of interest to find the overall change in bone density of majo 
bones which were included in the radiographs which were made during thi 
study. With x-rays made only of the foot (in lateral aspect) and of the 
hand in posterioanterior projection, as were taken of the astronauts, the 
the number of bones is limited. The sections included in the study are 
those which are outlined in the Appendix of this Report. Summary VII 
brings all the bones of each man which were evaluated radiologically to­
gether, and the 16 parts of Diagram III, which follow the Summary, show 
some details of three of the skeletal areas graphically, 
Robinson. This subject spent 255 days from the time when his 
first until the time when his last radiographs were made. Summary VII 
shows that multiple sections of the os calcis, the distal ulna, and the 
capitate had lost bone density during the investigation, 
Diagram III, IA shows the progress of the overall multiple section 
of the os calcis during the various portions of the study. Throughout this 
entire period, the only time when the bone density of the os calcis reach( 
its initial status was at the time when the last radiograph was taken at th 
close of the Bed Rest Period when the phosphate supplement had been fed 
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At the close of the study, the os calcis was 10.44 per cent below its 
initial status. 
Diagram III - lB shows the progress of the bone density levels of 
hand phalanges 4/2 and 5/2. Phalanx 4/2 rarely came above the level of 
the initial bone density, and lell below during the phosphate supplement 
period. Phalanx 5/2, on the other hand, was above the initial bone level 
much of the time, with the final level 25.97 per cent above its initial 
level. 
Kolb. Kolb entered the study under consideration at the same time 
as that of Robinson, and remained for the same period of time. Diagram 
III - 2A shows that the bone density of the overall sections of the os cal­
cis remained below the bone density of the initial level throughout the 
study. The final bone density of this bone was only 2.10 per cent below 
its initial level. From Diagram IlI - 2B, it is seen that phalanx 4/2 fell 
below the initial bone density level of this bone for Kolb throughout the 
first two 12-week Bed Rest Periods, then fell below this level for a short 
time and then rose until it was virtually level with the initial bone density 
of this skeletal site. 
Hand phalanx 5/2 was higher than its initial bone density through 
the first two bed rest periods. The.i it fell through the third period, and 
then rose to its initial status at the close of the study. 
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Su-ztv - so -at distinctly negative bone nty levels ar 
found in Ko-Ib 5rthe sssc1occ across the distal radius, th tal ulna, 
and the ca;itatLa at he close of the investigation. 
Bratc;e--. Eracher rerined in the study for 188 C=--- He chang 
in bone density level of the multiple sections of the os ca-a only slight 
throughout the study. This vas only 3.20 per cent above-initial bone 
density level o1 this bore at the time of the last radiogra-. See Diagrar 
III - 3A. 
Diagram III - 3B illustrates the fact that both the fr-t-nges 4/2 
and 5/2 rose during the first long Bed Rest Period (Bed Re-t -,-h Exercise 
fell during the second long Bed Rest (Bed Rest without ExezF--e), and wern 
beginning to increase during a very short ambulatory periot. Summary VII 
verifies the finding that the final bone density level of the : calcis is 
3.20 per cent higher than the kiitial, and that hand pbalarc-= 4/2 and 
5/2 are slightly lower in bone density finally than initially, 
The distal radius and the distal uina were slightly hfgher at the 
close than at the beginning of the investigation. 
Diaz. This man rermained in the study for 188 days while radio­
graphs were being made, fot the same period of time as Bratcher. His 
bone density level of the os calcis remained relatively close to its initial 
level, except at the close of the second Bed Rest Period (Bed Rest with 
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no Exercise and no dietary supplement), when it lost markedly. At the 
time of the last x-ray, after a short ambulation period, it was close to its 
initial status (+1. 04 per cent). See Diagram II, 4A and Summary VII. 
In Summary VII, and Diagram II - 4B, it is seen that phalanges 
4/2 and 5/2 performed in somewhat the same manner as Bratcher, respond­
ing to the exercise and no exercise as expected, and with slight increasec 
during the short, final ambulation period. Summary VII shows that the 
distal radius lost slightly and the distal ulna gained markedly in compari­
son with the initial status of these bones , The capitate also made some 
positive change (+6 .10 per cent). This subject was in the study 188 days 
from the first until the final x-rays . 
McNeil. McNeil hovered slightly above the initial bone density 
level for the multiple sections of the os calcis throughout his participatio 
in the study undergoing consideration at this time, He experienced no' 
final ambulatory period because of'leaving the study before it was antici­
pated, so that he did not receive his last radiograph. At the time of his 
last x-ray test, in the midst of his short Bed Rest during which he was 
receiving a phosphate supplement, his os calcis bone density status was 
4.85 per cent above his first test. See Summary VII and Diagram III - 5A. 
Diagram III - 5B shows a somewhat different response to the ex­
ercise experience in phalanx 4/2 and phalanx 5/2 than was found with the 
other men, probably because he had lost his left arm and was given a dif 
ferent form of exercise than the others on the same program. 
At the close of the study, this man had gained slightly in the sec 
tion at the distal end of the radius (+8.84 per cent), at the distal ulna 
(+2.40 per cent), and in the capitate (+2.10 per cent). The values in the 
wrist and arm relate to his right arm, because of the loss of the left arm 
which is the one usually radiographed. 
Wilson. Wilson had been a participant in the study from the first 
to the last radiograph for 224 days. In the multiple os calcis sections, 
his bone density had increased during the long Bed Rest when a phosphat( 
dietary supplement was provided. It decreased during the next Bed Rest 
when no phosphate was fed, and ended at virtually the same bone density 
as initially. See Diagram III - 6A and Summary VII. 
Diagram III - 6B shows that, for this subject, phalanx 4/2 rose 
over its initial bone density throughout the study, and closed 11.76 per 
cent higher than initially. On the other hand, phalanx 5/2 was slightly 
below the initial bone density for this level throughout most of the period 
with a value of -4.23 per cent at the time of the final radiograph. See 
Summary VII and Diagram Il - 6B. 
From the cited Summary, the bones of the wrist and distal arm in­
creased in bone density with the final values higher than the initial. 
Gieck. This subject was in the study 246 days betweenfirst and 
last radiographs . In the total of the multiple sections of the os calcis, 
this subject was slightly higher in bone density throughout the two Bed 
Rest Periods with and without phosphate supplementation. He increased 
in bone density of the os calcis during his short final ambulation period, 
with his last radiograph 13.80 per cent higher in bone density than his 
first radiograph of the study. See Diagram III - 7A. 
In Diagram III - 7B, phalanges 4/2 and 5/2 increased to points 
higher than their initial bone density status early in the investigation an6 
remained above their initial levels throughout. Phalanx 4/2 made a last 
increase during the final ambulation period, with a final level 27.48 per 
cent above the initial level. Phalanx 5/2 was.8.84 per cent above the 
first bone density level. The distal radius and ulna sections as well as 
the section of the capitate in the subject were all higher in the final than 
in the first radiograph. See Summary VII. 
Graham. This subject was in the investigation 246 days between 
the initial and final x-rays. He gained 17.26 per cent in bone density bE 
tween the first and last radiograph of the os calcis . See Diagram III - 81 
and Summary VII. The Diagram shows that Graham increased in the bone 
density of the os calcis beginning with his first ambulation period, and 
through the long Bed Rest when a phosphate supplement was fed. Then tl 
bone density fell during the Bed Rest Period, when the phosphate 
supplementation was not provided, and increased again during the re­
ambulation period. 
Diagram III - 8B shows the bone density changes in the phalanx 
4/2 to increase markedly after the first x-ray, and to remain distinctly 
higher than the initial level throughout the investigation. Phalanx 5/2, 
on the other hand, hovered close to the initial level until the Bed Rest 
Period during which the phosphate supplement was not fed. Then this wa 
reduced, with a slight rise during the final ambulation. At the time when 
the final radiograph was taken, bone density of phalanx 5/2 was 2 .92 pe 
cent below its initial level. 
At the time of the final x-ray, Graham's distal radius had a value 
which was 5.91 per cent above, the distal ulna was 5.90 per cent below, 
and the diagonal section across the capitate was 10.97 per cent higher 
than the initial value of the same bone sections . See Summary VII. 
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SUMMARY VII 
BONE DENSI2Y CHANGE DURING THE INVESTIGATION 
OF SPECIFIED BONES FOR RESPECTIVE SUBJECTS 
ROBINSON 
Bone Density Change 
Skeletal Location of Done from Initial to Final 
which was Evaluated Radiograph 
(per cent) 
Multiple Sections of Os Calcis . .. .....- 10.44
 
Hand Phalanx 4/2 ............. ....... +1.77
 
Hand Phalanx 5/2............. ........ +25.97
 
Distal Radius ................... +0.78
 
Distal Uiha ....................- 9.50
 
Ca pitate .................... -13.17
 
KOLB 
Bone Density Change
 
Skeletal Location of Bone from Initial to Final 
which was Evaluated Radiograph. 
(per cent) 
Multiple Sections of Os Calcis ...... .....- 2.10 
Hand Phalanx 4/2 ................. -0.01 
Hand Phalanx 5/2 ........... +0.34 
Distal Radius ............ ...... -14.27 
Distal Ulna . .............. ..... -13.95 
Capitate.. ................. -11.31 
SUMMARY VII, CONTINUED 
BONE DENSITY CHANGE DURING THE INVESTIGATION 
OF SPECIFIED BONES FOR RESPECTIVE SUBJECTS 
BRATCHER 
Bone Density Change 
Skeletal Location of Bone from Initial to Final 
which was Evaluated Radiograph 
(per cent) 
Multiple Sections of Os Calcis . . ........ +3.20 
Hand Phalanx 4/2 ........... .......... -2.39
 
Hand Phalanx 5/2 ................... -0.14
 
Distal Radius ...... ......... .. ...... +2.86
 
Distal Ulna ............ .............. +1.94
 
Capitate ......................- 0.09
 
DIAZ 
Bone Density Change 
Skeletal Location of Bone from Initial to Final 
which was Evaluated Radiograph 
(per cent) 
Multiple Sections of Os Calcis... . . . . .. . . +1.04 
Hand Phalanx 4/2 ...... .......... ..... +9.11 
Hand Phalanx 5/2 .................. -1.52 
Distal Radius........... ......... -1.44 
Distal Ulna . .................. +22.37 
Capitate ................. ...... +6.10 
SUMMARY VII, CONTINUED
 
BONE DENSITY CHANGE DURING THE INVESTIGATION
 
OF SPECIFIED BONES FOR RESPECTIVE SUBJECTS
 
McNEIL 
Bone Density Change 
Skeletal Location of Bone from Initial to Final 
which was Eva luated Radiograph 
(per cent) 
Multiple Sections of Os Calcis . . . .. .... +4.85 
Hand Phalanx 4/2 i ..... .......... ...... -4.88 
Hand Phalanx 5/2 ......... ........ . .- 5.84 
Distal Radius ....... .......... ......... +8.84 
Distal Ulna ....... ........... .. .... +2.40 
Capitate ........ ............ .. .... +2.10 
WILSON 
Bone Density Change 
Skeletal Location of Bone from Initial to Final 
which was Evaluated Radiograph 
(per cent) 
Multiple Sections of Os Calcis. . . ...... +0.10 
Hand Phalanx 4/2 .......... .......... +11.76
 
Hand Phalanx 5/2 .......... . . . ......- 4.23
 
Distal Radius ............. . . ...... +8.66
 
Distal Ulna ............ ......... .. +3.35
 
Capitate ..... .... .......... ....... +8.13
 
SUMMARY VII, CONTINUED
 
BONE DENSITY CHANCE DURING THE INVESTIGATION
 
OF SPECIFIED BONES FOR RESPECTIVE SUBJECTS
 
GIECK 
Bone Density Change 
Skeletal Location of Bone from Initial to Final 
which was Evaluated Radiograph 
(per cent) 
Multiple Sections of Os Calcis . . ......... +13.80 
Hand Phalanx 4/2 .............. ....... +27.48 
Hand Phalanx 5/2.. ...... ........... 84 
Distal Radius . .................. +12.62 
Distal Ulna .... .............. ...... +14.44 
Capitate ..... ............. ........ +5.56 
GRAHAM 
Bone Density Change
 
Skeletal Location of Bone from Initial to Final 
which was Evaluated Radiograph 
(per cent) 
Multiple Sections of Os Calcis . ..+........ .17.26 
Hand Phalanx 4/2.......... .......... +30.41 
Hand Phalanx 5/2 ........... .-........ 2.92 
Distal Radius ........... ....... +5.91 
Distal Ulna ............ . ........ ....- 5.90 
Capitate .............. ...... +10.97 
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Diagram III - ]A 
Change of Each ,diograph of the Total Multiple Sections of 
the Os Calcls of Robinson Computed in Each Case from the 
Initial Radic3raph. 
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Diagram III - lB 
Change of Each Radiograph for Phalanges 4-2 and 5-2,
 
Computed from the Initial Value for Robinson.
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Diagram III -2B
 
Change of Each Radiograph for Phalanges 4-2 and 5-2,
 
Computed from the Initial Value for Kolb.
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Diagram III - 3A 
Change in Each Radiograph of the Total Multiple Sections of 
the Os Caicis of Bratcher Computed in Each Case from the 
Initial Radiograph. 
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Diagram Ill - 3B 
Change of Each Radiograph for Phalanges 4-2 and 5-2,
 
Computed from the Initial Value for Bratcher.
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Diagram I I - hA 
Change of Each Radiograph of the Total Mlultiple Sections of 
the Os Calcis of Diaz Computed in Each Case from the 
Initial .Radiograph.
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Change of Each Radiograph for Phalanges 4-2 and 5-2,
 
Computed from the Initial Value for Diaz.
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GEORGE McNEIL 
Multiple Sections 
Of O Calcis 
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Diagram III - 5A 
Change in Each Radiograph of the Total Multiple Sections of 
the Os Calcis of McNeil Computed in Each Case from the 
Initial Radiograph. 
127 
Li 
5 
*30­
4 25 
*20-
GEORGE McNEIL 
Mulliple Sections 
Of Pholanqesll-2ond5-2 
< 
i c 
2(_ 
05­
0 
- -20­
w _25 -
U -
5-
2-1-69 
BED REST 
WITH EXE 
I 
3-28-69 
BED REST 
NO EXERCISE 
I II 
5-7-69 6-3-69 
BED REST 
WITH 
PHOSPHATE 
SUPPLEMENT 
7-14-69 8-8-68 
AMBULATORY 
9-15-69 10.1469 
A B C D E F 
Diagram III 5 B 
Change of Each Radiograph for Phalanges 4-2 and 5-2, 
Computed from the Initial Value for McNe.il. 
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Change of Each Radiograph of the Total Multiple Sections of
 
the Os Calcis of Wilson Computed in Each Case from the
 
Initial Radiograph.
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Change of Each Radiograph for Phalanges 4-2 and 5-2,
 
Computed from the Initi-al Value for Wilson.
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Change of Each Radiograph of the Total Multiple Sections of
 
the Os Calcis of Gieck Computed in Each Case from the
 
Initial Radiograph.
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Change of Each Radiograph for Phalanges 4-2 and 5-2,
 
Computed from the Initial Value for Gieck.
 
132 
JOHN GRAHAM 
Mu'Iiple Secfions
 
Of Os Calcis
 
I- 30­
-'25
 
I­
<-52C 
-25 1NITIAL BED REST WITHBDRETAULOR 
S PERIOD PHOSPHATE SUPPLEMENT[ NO PHOSPHATE SUPPLEMENT 
U 
Li 
7-I4-59 8-8-69 9-15-69 1014-69 11-26-69 12-17-69 2-9-70 3-18-70 
A B C "D E F G H 
Diagram 1I - 8A 
Change of Each Radiograph of the Total Multiple Sections of
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Change of Each Radiograph for Phalanges 4-2 and 5-2,
 
Computed from the Initial Value for Graham.
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TV/U BONE DENSITY METHOD 
To describe the Texas Woman's University bone density methodol­
ogy, the history of the method has been described in the journal of the 
Association for the Advancement of Medical Instrumentation, in Volume 3, 
page 110, May, 1969 on Automated Techniques in Bone Densitometry. A 
reprint of this article is available from this office on request. 
From the beginning of the development of workable bone densito­
metric equipment, a wedge which served as a calibration standard was 
placed on the same film as that on which a bone was x-rayed. After a 
trial of various materials, an aluminum alloy wedge was developed with a 
continuous slope, which had x-ray transmission characteristics similar to 
that of bone. 
The purpose of the calibration wedge has not been to match the 
density of any portion thereof with a section of bone, as was done with 
many of the early step wedges, but to find the deviation of the initial den 
sitometer wedge scan from the configuration of a trace which would corre­
spond to its actual slope, thus serving to give a basis for correcting a bor 
trace on the same film. It never was assumed that the raw bone trace 
could be used directly without correction because of unavoidable differ­
ences, although usually not large, in x-ray film, in exposure energy, and 
in developmental techniques. 
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The units which come off of the bone densitometric assembly are in 
the form of Integrator Counts. The Integrator Counts can be converted 
into units of calibration wedge mass equivalency, 
After the integrator count has been obtained for the calibrated bone 
scan, this is converted into equivalent x-ray mass of calcium hydroxy­
apatite 3 Ca 3 (P0 4 )2 Ca (OH) 2 from these calculations: 
Equivalent wedge mass = S.L.V.H.C (cm.3)D
K 
Where S Slope of wedge; 
L = Baseline length of wedge traced; 
V = Velocity pf scan (cm./min.); 
H = Vertical dimension of the scanning 
slit (cm.); 
K = Counts obtained for one minute of 
full scale integration (counts/main.); 
C = Integrator counts; and 
D = the density of the aluminum alloy 
calibration wedge. 
The equivalent x-ray mass of calcium hydroxyapatite, with the 
formula shown above, which represents the calcium complex used for 
calibration of the wedges of this laboratory, can be obtained as follows 
for the sections of bone traced on the same film, 
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Equivalent x-ray Mass of Apatite = S.L.V.C.H. x 1.075 
K 
Where 1. 075 = 	 Ratio of wedge density to calcium 
hydroxyapatite density 
The term 5,000 is based upon the fact that a full scale integration 
carried out for one minute results in an integrator count of 5,000 (Kin the 
above formula). 
In arriving at the determination of the ratio of wedge density to 
calcium hydroxyaparite density, our group made an intimate mixture of 
Ca 3 (P04) 2 and Ca (OH)2 in the exadt proportion of these components in 
calcium hydroxyapatite, placed this in a thin-walled plastic container 
which was calibrated separately, and x-raved this and the aluminum 
alloy wedge together. The ratio of the two was calculated from their re­
spective masses and from the results of multiple scans traced across thei 
radiographic images. 
The microdensitometric assembly has been evaluated on two bases, 
as follows: (a) by finding the capacity of the equipment to integrate bone 
areas accurately from roentoenograms exposed through a series of inten­
sity values; and (b) by ascertaining the interrelationship of the mass of 
cadaver bones by analytical and by radiographic procedures. 
Some automation was built into a bone densitometric assembly 
using funds provided by Mr. and Mrs . H. 1. Lutcher Stark of Orange, Texa: 
The equipment consisted of a special analogue computer which possessed 
an electromechanical servomechanism and an integrating unit. The major 
units of this instrumentation, which was used in evaluating the radiographs 
in the TWU Laboratories for several years before it was supported by the 
addition of a digital computer are shown in Figure 1. The equipment con­
sists of five major subassemblies, all designed to operate together as a 
completely integrated system. The basic units of the overall assembly 
were the following: 
1)' A modified Knorr-Albers scanning unit (unit at right of the 
figure); 
.2) A Speedomax Model G transmitting recorder (unit in center of 
the figure); 
3) A series of 20 poteitiometers in the same panel as 2); 
4) A Speedomax Model G recording potentiometer (unit at left of 
the figure), and 
5) An Integrator (unit in the panel under Unit d). 
To obtain a satisfactory calibration for a trace of a bone section 
from an x-ray film, the fundamental step in the analogue system is provide6 
Jn the use of the calibration wedge on the sane film as the bone image, as 
noted. The initial record obtained on the first recorder fromsdanning the 
wedge by means of the densitometer without correction provides the basis 
for calibrating the wedge curve for the film. The slope of this uncorrected 
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Figure 1. Densitometer Assembly VI developed at the Texas 
Woman's University. Right: densitometer; center (upper): 
transmitting recorder for tracing calibration wedge; center 
(lower): potentiometers for correcting calibration wedge 
trace; left: recording potentiometer with Instron integrator 
in lower part of panel. 
I 
140 
curve is influenced by many factors inherent in the film itself, the film ex­
posure, and the film processing technique. 
The sequence of operations needed to achieve calibration of a den­
sity curve and to integrate the area under the curve of a bone on the same 
radiograph follows: 
1) The wedge roentgenographic image first is scanned for the pur­
pose of providing the density calibration curve of that film on the first re­
corder. The scanning unit consists of an optical system, a plate stage, a 
drive mechanism for the plate stage, and a d-c amplifier for the recorder. 
The optical system includes a special tungsten lamp with plane optically 
polished windows, powered from a highly stabilized power pack having a 
constancy of output with 0.1% for a-c line voltages between 100 and 125 v 
at frequencies between 55 and 65 cycles. Thie beam from this lamp is fo­
cused on a photocell after passing through the x-ray plate being scanned, 
The film is mounted on the place stage that is supported by ball-bearing 
rollers on a carriage rod, all accurately machined to very close tolerance. 
A scale, mounted on the scanning unit and calibrated to millimeters 
subdivided by a vernier, indicates plate travel, and enables the operator 
to scan a number of precisely equal segments of the film trace. This scalE 
also permits the operator to retnace exactly the same length of film on re­
peated scans, and serves as the guide for integrating the equal trace seg­
ments. 
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The plate travel is synchronized with recording chart travel-to in­
sure that quantitative measurements of density can be produced and repro­
duced accurately. A precision d-c amplifier with stabilized zero and sta­
bilized gain multiplies the minute current from the photocell to a value 
measurable by a self-balancing potentiometer recorder. 
2) The first recorder consists of a Speedomax Type G self-balanc­
ing functioning recorder having adjustable zero, adjustable span, and a ful 
scale balancing speed of less than one second. This recorder indicates 
continuously the magnitude of the amplified photocell current and traces a 
graph on its chart in synchrony with the scanning unit plate travel. 
A major feature of the complete assembly consists of a special d-c 
retransmitting slidewire moupted in this Speedomax Self-Balancing Po­
tentiometer Recorder, with a moving contact on,this slidewire driven in 
synchrony with the recording pen in an indicating pointer. This retransmit 
ting slidewire is divided very precisely into 20 equal segments, each seg­
ment being shunted by an adjustable ten-turn potentiometer. A'n adjustablE 
d-c voltage is impressed across the total slidewire, and the output of the 
slidewire is characterized by adjusting the 20 potentiometer dials to provi 
a calibrated output from this slidewire from the trace of the reference wedg 
3) The uncorrected wedge trhce on the first recorder is scaled by 
the operator at 20 equal intervals, using a special transparent rule 
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calibrated to provide direct setability of a calibration factor on the 1000 
division dials of the 20 potentiometers. 
Since the scale of the first recorder is determined by the per cent 
of transmitted light, and the calibrating retransmitting slidewire corrects 
the scale of the second recorder to standard wedge density, producing a 
straight line trace of the calibration wedge in conformity with the wedge 
slope, the x-ray absorption as indicated by its densitometer trace on the 
second recorder is related directly to the x-ray absorption of the standard 
wedge. 
The second recorder receives, displays, and records the signal 
from the special calibrating retransmitting slidewire which serves as a 
function transformer, providing a line graph of the reference wedge and a 
calibrated density trace of the bone sample. Its graph also is synchronize 
with the automatic scanning. 
Finally, a retransmitting potentiometer is driven from the output 
shaft of this second recorder and actuates an Instron electronic integrator 
which is located in the base of this unit. The integrator provides a digital 
readout proportional to the area under the calibrated densitometer trace of 
the bone section which has been scanned on the second recorder. 
The TWU bone densitometric system has received further automatio: 
by the addition of a small digital computer to the analogue system. See 
Figure 2. 
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The light transmission data from the film, in the form of a voltage 
functional with per cent light transmission, are measured with the same 
modified Knorr-Albers microphotometer as described above, except for the 
fact that the vacuum tube d-c amplifier originally used in the unit has beer 
replaced with a solid-state amplifier and power supply to provide additionE 
stability. The film is held in the motor-driven assembly that traverses a 
light beam as described previously. In the previous analogue system, 
analogue computer techniques employing adjustable function potentiometer 
were utilized to calibrate the light-transmission in terms of wedge-thick­
ness for each film.. Calibrated data from subsequent bone scans then were 
integrated by means of the electromechanical (Instron) integrator, as de­
scribed. These systems required that several step-by-step adjustments 
and calibrations be performed by an operator, 
In the new assembly, the output of the scanning unit is connected 
through an amplifier (Astrodata Model 885) to a small digital computer (a 
Digital Equipment Computation PDP-8 supplied by Kaman Company). An 
illustration of the system is shown in Figure 3. An analogue-to-digital 
(AID) converter formats the data for direct processing by the computer, 
and the computer samples the data at specific intervals of time. Program­
ming and operating control is effected through a teletypewriter unit (TTY) 
that includes a paper-type input/output (I/O) feature. 
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Figure 2. Photogr-aph showing the mnicrophotometer and digits!I 
computer system. (A) Densitometer involving the analog 
system developed a" the Texas Woman's University. (B) 
Transmitting recorder for tracing calibration wedge (upper), 
and potenciometers for correcting ca libration wedge trace.o 
(C) Recording potentiometer for scanning corrected wedge 
trace as well as ,be traces of bone scans . (D) Digital 
computer which has replaced the manual operations involved 
in B and C of the analog system. 
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ScanningA ~~ to ~ [Digita - Teltp 
Micopoote DLia Compue TpIotu 
- Figure 3. Block Diagram cf Microphotometer Computer 
Assembly, from Vog;, F. B., Meharg, L. S., and 
Mack, P. B., The American Turnal of Roentgenology, 
Radium Therapy and Nuclear Medicine, Volume CV, 
Number 4, April 1959, page 872. 
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The computer has been implemented to perform computations similar 
to the functions performed by the previous analogue system. First, the 
wedge image is scanned and the resulting light transmission data are storec 
in terms of distance along (or thickness of) the wedge. Second, the bone 
image is scanned and the resulting light transmission data are stored. 
After both the wedge and bone scans have been completed, the computer 
calibrates the stored bone scan data in terms of equivalent wedge thicknes: 
by using the stored wedge scan data . The calibrated bone data then are in 
tegrated along the scan by using a trapezodial approximation integration 
formula. 
The present system offers an advantage over the earlier system in 
providing anautomatic means for calibrating the film in terms of the light 
transmission of the aluminum wedge, the roentgenogram of which is taken 
simultaneously with the roentgenogram of the bone of interest. Earlier 
systems required manual operations by the operator to analyze the film. 
In the new system, manual operations required of the operator have been 
reduced to those involving the scan of the film. The accuracy and repro­
ducibility of the technique are limited primarily upon operator care in set­
ting up the film for scanning, selection of the scan path, and precise ad­
justment of the scan limits to activate the start and stop of computation b 
the digital computer. 
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The previous system has been evaluated in considerable detail, 
The present technique also has been evaluated to show the reproducibility 
of successive scans, The results have been compared with the output of 
the analogue system with the finding that the analogue and digital systems 
provide essentially the same results . The digital techniqu6, however, 
offers a more rapid procedure for analy7zing the films, and it reduces the 
technical error that can be introduced by the operator in measuring the 
heights of the uncorrected initial wedge trace at 20 points and adjusting 
the corresponding potentiometers. 
X-RAYS OF BED REST SUBJECTS 
Radiographs were made of the left foot in lateral aspect, and of the 
left hand in anterior-posterior view as in the case of the astronauts. The 
sections scanned on the x-rays were the following: 
(a). Two preliminary scans on the foot, one of the central 
section of the os calcis and one of the central section 
of the talus . See Figure 4. 
(b) Multiple sections of the os calcis, consisting of scans 
the width of the scanning beam, covering approximately 
60 per cent of the os calcis or large heel bone, in parts 
where there is no overlapping of other bones were scanned. 
Usually 41-44 scans are required to cover this area of 
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the heel bone in a mature man, depending on the 
size of the foot. See Figure 5o 
(c). 	 The following sections of the hand and wrist are 
scanned (See Figure 6). 
(1) 	 Hand phalanx 4/2 (about 17 to 19 sections 
are scanned); 
(2) 	 Hand phalanx 5/2 (about 24 to 28 sections 
are scanned); 
(3) 	 One scan across the capitate, a wrist carpal; 
and 
(4) 	 One scan each across the distal ends of 
the radius and of the ulna. 
Therefore, from 87 to 96 seccions in the hand and foot are meas­
ured for bone density in an adult male, giving results for the various types 
of bone from lacy trabecular to dense cortical skeletal tissue. 
'Irit 4. Lateral roentgenogram of the foot, indicatin 
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of the foot in lateral projectionIgute 5. Roentgenog ra nm 
scans covering
showing the alignment of parallel 
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Figure 6. Roentgenogram of the hand in postero­
anterior projection, indicating parallel scans 
which cover hand phalanges 4/2 and 5/2. 
